NG DOWNSTREAM: TAKEN fF HOM THE DHUNOWARI BR 
Thu Runt, tink exeoang dhe Caml at nght angles Keunningan died 





REPORT. 


ON THE 


GANGES CANAL WORKS: 


FROM THEIR COMMENCEMENT 


UNTIL THE OPENING OF THU CANAL IN 1854, 


BY 


COLONEL SIR PROBY T, CAUTLEY, K.O.B., BRS, 


LATE OF THY nexohn ARTILLERY, ILONO! sBIEMUIOL OF PNR 
ABIALIO BOOCINTY OF BUNGAL, AND LATE DIRKCTOR 
OF ‘TILA GANGA CANAL, WORKS, 


VOI. IL 


Printed by Order of the Sccretary of State por India: in. Connell. 


a rememene eee 


LONDON: _ 
SMITH, ELDER AND. CO, 65, CORNTILT 


-MNOOO.LE. 





CONTENTS OF VOL, II. 


PART IIL, 
DESCRIPTION OF THE WORKS AND DETAILS OF 
CONSTRUCTION. ~ 
set Piao 


CHAPTER I. 


DRAINAGE WORKS, 


Divided into five sections-Design of deainngo waka ahoyo Romheo— 
Object of inlets—Myapoor and Dhunowi drainage works-—Chaineter of 
Myapoor inlet—Bochna rnlla—Dhunoyri inlets for Rutmoo river—Ohject 
of building for inlot—Works wider Ist section—Myapoor dam and dopon- 
dont works—Boundations of dam laid by Licutenant Stachoy—Carried 
on by TAoutonant Yule—Completed hy Tiowggnant A. G Goodwyn— 

dunks connecting udwar and Kunkhnl—Wotks of Bochna nulla com- 

vted by, Tioutonant Strachpy—Anciont voadway fom Tludwar to 
__ikhul—-Palaces of the fukeorss—Slope of bianch eheamel—Dopasits— 
Oponings in dam—Masoury bar—Overlatis—Vijghts of stops—Rogulating 
hridge—Drop-gato pn Jumna regulator—Impoved diop-gate—Ghata— 
Matorials—Dotail of Diunowri works—Rutmoo a poronniat siicam— 
Canal embankmonts—Dositién of springs—Commencoment of Rutmoo 
works—Mr, Login—Dsnifyge-cut—Commoncement of masonry work— 
Advaningea of andov-drainage-Poundation blocka—Dotail of rovetments 
—Buildgo of cross-communication—Masonry drain—Dhunowrl dam and 
works—Watorway of sluices—Double gates— Mr. Login’s schome— 
Mowntain torrents —Dhunowri inlot-—Sonndation blocks—Contro openings 
—Longitudinal profilo—Protecting aprons —Regulating: bridgo—Tnain- 
heads—Undor-diains—Material and oxponditure—liflect of rains of 1952 
~—Hlovation of sandbanks—Serow pile—Works under 2nd section—Tor 
admission of drainage in Ganges khadix—Course of canal—Inlots for 


PAGLS 


iv- CONTENTS. * 
racgre 
flood-wator—Material—Co,t of building —Works under 3rd, section~For 
escrpa of ‘country draingy0— Material — Openings in embankments — 
Works under 4th sect’ ~Supor-passages of Ranipoor and Puttri torrents 
—Uso of snpor-passages in Deyra, Doon and Western Jumna canals— 
Object of super-passages—Catchmont basins—Ranipoor supor-passage 
aud works —Disposition of channels—Waterways—~Desconts—Design 
of spurs and embankments — Bnnds — Levels — Torizontal loyel of 
flootings — Construction of Ranipoor supor-passage — Material ex- 
ponded —- Cost of works —- Description of soil Discharge of anpor~ 
passage channol—Slopo of torrent—Pauttri super-passago and works— 
Country drained by Puttri rivor—Selimpoor basin—Differencs between 
Puttri avd Ranipoor torronts—Reasons for position of super-passage— 
Dopth of digging—Rainy seasons-—~Difficulties of masonry work~~Reiue- 
tion of springaater lovel—Drainage operations—Soil—Centerings of 
arches—Material expended—Cost of works—Discharge of channol—Mean 
alopo—Suporvision of super-passages—Works under Sth section—Inlots 
forming part of bridge aud rajbuha channelse—Roadways of bridges— 
Tnlot channel—Doublo slutcos—Roorkeo drainago—Woll drains~Planta- 
tions—-Drainage of bridgo roadways ~ - - ~ 3-94 


fn 
HO 


CHAPTER I, 
REQUUATING WORKS FOR SUPPLY OF WATER AND SLOPE OF CHANNEL. 
Regulating pridges—Myapoor snd Dhunowri regulators—Working parties 
Necessity of discipline~Overseors—Dutics at Myapoor ; at Dhunowri 
~Boldar parties—Honds of brancheg’—IIoad of Futtiguzh branch—Ma- 
sonry floors—Apparatua for opening and shutting rogulators—Regulator 
at Futtiguch branch head~Width of roadways—Material of works—Cost 
of works —~Bolundshuhw: finch head bridge—-Supply of branch —~ 
Maximum high water—Material—Cost—Head at Koel branch—Com- 
munication between Chundos and Ancopsinthur — Maximum high 
water—Quantity and cost of matevinl—Works at Nanoon fork—~Canal 
supply—Quantity and cost of matorial—Convorsion of regulators into 
public ronds—Myapoor bridge a link between Twdwar and Kunkbul 
-~Crowded in time of faiis-—~ Uso of regwWating shutters ~ Traffic 
over reguistors at Nanoon fork—Ustablishmen%—Eseapos—Nono on 
Ganges khadir—Abstraction for isrigation pwySscs—Rules for designing * 
.bscapes—Rajbuhas on main trunk—~Tho Khutowli eseape—West Kalli 
nnddi—Slope—Masonry descents—Cost of oxcayation-~Doscription of 
masonty head—Magnitude of embankments at Khutowli—Apparatus for 
adjusting sluices—Materiel and cost of work—Muhummud Aboo’s eseapo 
-~Site-—-Disposition of slopos—Waterways—Excayation of Aboo’s channol 
—~Cost—Material and cost of works—Jenni Khoord escape—Height of 
sluice openings—Situation of head—Junction with Hindun—Excess of 


CONTENTS, 


slopa and disposition of works-—Falls—Matorial and cost~Réauni— 
Moonta Kheva escape—Site—Object—Alignemont of canal—Plan— 
Masonry desconts—Moonda Khera bridge—Design of escape hoad—~ 
Borms and osplauntss—Sluicos—Cost of work—Xastmpoor escapo— 
Object—Desconts—Rates of exocution—Rscapes on Cawnpoor torminal— 
Ginnowli escape head—Disposition of works—Slopc—Masonry descents 
—Esenpo channel—Quantity of material and rates of cost—Nugmoca 
eseapo-— Site —Plan—Slopo— Works required —Fsenpo head—Rates of 
cost—Tireea ascnpe—ILussunpoor nulla—Disposition of slopes—Dosconts 
required —Matorinl and cost—Rukwan cseapo—-Site—Tiscapo head—~ 
Slopes—-To bo used as a regulator in dry wonthor—Receptacle for waste 
wator-—Material and cost-—~Exscapes on Uiewah terminal—Position of 
canal—Positions for escapes—Gilivor escape—Site—Digposition of worke 
—Charactor of soil—Dimensions of escape channel—Matorial nsed in 
works—Qitantity and cost of masonry—Mulhosi escape—Site—Fall— 
Courso of channol—Lines of cross drainago—Tho Roora escape—Sito~ 
Theat of ascapo—Width of channel—Falls to overcome superfluous slopa 
—Slopo on Ganges canal channel—Crves—Valuo of perpendicular 
deaconts—Rotrognession of levels—Instance of Rewa fulls—Bahadoorabad 
falls—Natural cataracts—Reservoirs—Conchisions anived at—HNoisa an 
objection to falle—Talla in the khadir—Rejection of perpendtoular de- 
seonts—Selection of ogee overfall—~Division of falls—Falls with 9-foct 
chop—Confined to Ganges khaiir—Kay’s and Login’s falls—Dotail of 
Parker's falls—Designs—Matoriel—Desoription of Bahadoorabad iaNs—- 
Eatls with 8-feet drop—Doinil of AgsoMhuggur falle—Rlevation—Pio- 
tection worke—Foundations—Material apd rates of building—Muhinoodl- 
poor fxlls—Foundations—Commonced by Tientonant Fraser—Belva falls 
—Tho works commonced on—Poundations—Profection arrangements 
Uxtons of oxeavation—Materiat and rato of egst—-Tnolt fills—Material 
and cost—-Chitowre fills—Protertive arrangoments—Sulawur falls—Site 
7 Design—Cost—Bhola falls—ddontical with Sulawwr—Dasna falls 
Soitloment of veyotment—Menng, adopted for yvopair—Instiuctions to 
onginoor—Falls with 5-fust drop—Width of watorway—Gonoral design— 
Pulva falls--\Width of watorway—Doundation wallé—Matovial uscd— 
Cost—Simea frlls—Counterpart to those at Pulra—Matorial and cost— 
Soll upon which worka arg, Ifid—Tablo of discharges—Caloulatod values 


Vv 


PAGLS 


of fills + ” . ~ . “ + 95-197 


"6 
a 
CHAPTER IX, 
WORKS OF COMMUNICATION. 


Contoringa—Used at canal head, Myapoor—Deserlption of differont methods 
—Destription of contorings used on khadir works—On high land of Dosh 
, 


vi. CONTENTS. 


~~At Solani aqueduct—Bridge betweed head of canal and Rootkee—Eearth 
contres—Results of trials—Objection to varth contros—Material of arches 
—Arches of Ranipoor snd Puttrt superprssages— Centerings used by 
Lioutonant Fraser—Consiruction of bridges—-Bricks used for bridge- 
building—Rules in thé construction of bridges—Floorings and curtains— 
Loading elements of design—Adoption of earth centerings—Kunkhul 
bridge—Depth of bridge foundations—Chatacter of soil—On terminal 
lines—¥orm of arch—Width of rondway—Drainage—Cross-communi- 
cation—Imperfeet cultivation—Sites of bridges—Military district roads— 


PAGE 


Road committees — Cross village roads— Intvados—Elliptical avches—* 


Differont classes of bridges—Bridgos between hend of canal and Roorkeo 
~Kunkhul and Jowallapoor bridges—Dalhousie ghats~- Timber con- 
torings—Materinl and costp—Peornn Kidleeur bridge—Plon and sections of 
Peoran Kiicew bridge — Consequence of existenca of spring-water— 
Material and cost—Bridges between Roorkee and Nanoon fork—Loading 
classes of bridges-—Churactar of soil—Roadway of Khutowli bridge— 
Elnborato style of ghats—Avorago rates of construction-—~Depth of fon- 
dations—Secoud-class bridges— Connected with heads of rajbuhas— 
Waterways~Ghnajs—Facilities of procuring block kunkur—~Sogmental 
arches—Cost-Clnss No, 3 bridges—Desigu dependent on material—Old 
yning near Chitowra—Ancient hicks-—Rondways of third-class bridges— 
Rate of cost--Bridges of Class No. 4.—Waterway and ayvches—Cutwaters 
Foundations and natno of soil—Roadways—Sirdhunna bridgo~ 
Waterway and arches —Materinl and cost—Bridges on terminal linos 
between Nanoon fork and Ganges and Jumna—Bridges on Cawnpoor line—~ 
Design of waterways—Single-arched byidges—Bridges with rajbuhas and 
inlets attached—Soil on Caynpoor terminal—Material used—Avoraga 
rates—Old road between Mynpoori aud Agia—Avorage rates ~Reiluetion 
of waterway~Skowbridge at Khujoori—Btowak line—Bridgos originally 
dosigned—Nature of soil on Etawah line—Lines of appronch to bridges— 
— Bridges on tho Futtigurh and Kool brangses—Capacity of rajbuha 
heads—Interruption from silt probable—Dggign for waterways—THleve~ 
tions—List of bridges of No. 1 Class— Construction— Depression of 
bridges — Jowallapoor and Munglour bridges — Sinking of crowns on 
romoval of conterings—Wall of an arch built on native plan—Reduetion 
of xeams—Bridges of Class No, 2--Enameratiow’—Pecpulhera and Raoli 
hnidges ~ Bridges built by My, Volk ~ Design —barthon centerings— 
Brickwork ccnterings—Piovention of siakiff—~'Textuo of kumkiw—~ 
Rives for building with kunkur—Protection of outside surfrco—Attrition 
of chrront—Bridges of No, 3 class—Eniumoration—~Design—Building with 
old bricks-—Old ruins in the market—Bridges of Class 4.—~Enumeration 
—No, 6 Clas8 bridges—Material used—Arches built of block kinkur— 
Exceptional bridges— Romarks—Removal of centerings—“ Yielding’ of 
abutment *—Abutment of arch—Iustances of Dukheri and Sura bridges 
~—Barra, bridge — Vertical settlement of substrtetura nob impossible— 
fs 


a . 


CONTENTS, 


vii 


PAGES 


“ Comprosaibility of Muterint"—Allpping of horizontal courses of masonry 
~-Oveurrenes of necidents from bridges—Over-abimdant tc of montar— 
‘so of slipping of horizontal courses of masonry —Bhosan bridgo— 


Dangor of oxcossive oxcavation—Object of ghats - ~ 198-279 


CHAPTER Iv, 


* 
WORKS OF ACCOMMODATION, 


Ohject—Dimonsions of first-class chokies—Socond-class chokics—Iint roofs 
—Uniform position — Rules—Mangoo graft plantations — Second-elass 
chokies—Estimato for chokiea of 1850—Mud as a coment—Substitution 
of lime for mud cement—Buildings of lime coment—Comparison of esti- 
matos and actual cost of buildings—Outhouses to chokies—Temporary 


huts - - - - - - ~ 280-202 


CITAPTER V. 
Youns OF NAVIGATION, 


Navigable “channels—Water carviaga on Ganges canal—Lockaga gates— 
Pyroxinity of lock channels to overfaly—Navigablo canal from Morad~ 
huggur to [Hindun river, aud from Bolundshulwe branck to Fume rlyer— 
Conwidorations of design for navigable channols—Dhnensions of channels 
and lock chambers—Haul timbeor—Apathy of native boatmen—Booms 
Aevost main caml—Bridgo of boats—Netail of navigahlo lines—Disposi- 

» tion of works betivean Ranipar and Rutmoo torrents—Object of navi- 
goble channel in the kbadir—dJqvallapoor bridge—Conrse of channel 
Stuieo opauings—Goneral design of locks—Sluices on Pavia canal— 
Question of deposits—Dimenstons of lock chambers—Limbor aprou— 
Masonry channel—Bahadoorabad mills—Works at No. 2 and No. § locke 
—Cm'ved inasomry channel—Pattrl channel and lock-vorks—Passage of 
falls below Roorkeo—Amonyt of full—~Works comected with detached 
folis—ITend of navigable canal-*Revotmonts—Tiors of rings—Advantago 
of moveable platform—tIron opon boats—Tocks and waste channols— 
Tleight of gates and rovetments—Inlet drains—Uniformity of design— 
Muhmoodpoor cut—Resorvolrs—Modification of design at Bhola—Ma- 
sonry—Istimate of 1860—Dostponemont of terminal locks to tho Jimna 
on the Ftawah lins—Towing-paths to main canel and branches—Tloating * 
bnoys—Method of towing bonts—Advantages of water carriage by Ganges 


_ canal and branches—Amount of masonry and cost - ~ 208-321 


vili CONTENTS. 


CHAPTER Vi 
WORKS OF DISTRIBUTION, 


Rajbuha channels and earthwork—Object in deforring the laying out of 
rajbuhas—Adaptability of irrigation heads—Rajbuha heads and masonry 
work—lLxeavation of part of main lines fiom Agsoffuuggur falls—Com- 
monced in 1853—Collection of materia!—Surveys in Meerut and Bolund- 
shuhur districts by Mr. ‘Volk~—Mr, Read’s channcls—Rajbuha channols 
merely commenced — Work done by contractors — Present state of 
yajbuha heads and masonry work— Rajbuhas axe private property of 


PAGLS 


aumindars ~ “ : - - = 829-324 
‘ c oamna aden 
CILAPTER Vil. 


WORKS FOR MACHINERY. 

Workshops and machinery attached—Myapoor estate—Serai, or onclosure, 
converted into & wokshop—Preparation of workshops in 1843—Spot 
chosen for Roorkee workshops—~Remains of Mussulmai tombs—Deserip- 
tion of Roorkeo yorkshops-—Lieutenant Allen appointed to charge of 
workshops—Cohstraction of buildings—Arvival of machinery from Eng- 
lnnd—Delays—Detail of machinory—Lathes—Manufncture of tools— 
Improvemonts among native workmen—uel—Native forges-—Brasa 
founiy--Weighing machinc—Demand for surveying and mathomatical 
instruments—Workshop for repair of instraments—fou foundry in con- 
nection with workshops—Lieutenant-Colonol Cantley’s lettor to Military 
Board—Minuto on tho establishment of workshops—Iron and wood for 
general pwrposes — Mathematical department — Lioutonant-Governor’s 
minute—Speeific appointments for mathematical instrament shops—Lstab- 
lishment suggested by Lieutonant Allen—Tound:y—Position of foundry in 
workshop premises—Proposed cost of monthly establishment—\Vorkshop 
ofilee—English and nativo office~Abstract of,expqnditure—W orkshops 
sepnrated from canal department and applied to goneral purposes, North« 
Western Provinces-—Authorized scale for foundry—Authorized exponditura 
for mathematical instrmont shops—Increased stores in timber and ion 
yard—System of accounts recommended—Design—Indepondent duties of 
workshops commenced—Arrangoments for money ‘advances—Exponditure 
Progress of workshops—Mr. Watson—Mr. Crible—Machinery ordered 
from England—Proposed construction of dock—SLand xetained for purposes 
of workshop—Modol department and librarics—Clock-tower—Nomination 
of officers—State of European supovintendence—Tompoxary workshops-— 
Mills for grinding comm—Punchukki, oy native corn-mi]l—Establighmont 
at Kunklud—Design of Kunkhul mills—Bahadoorabad mills—Torminal 
works on Cawnpeor and Etawah linos—Account of native watermill— 


‘Belidor's account of mills in Provence and Dauphiné - ~ 326-381 


Rereruyers to Pave - - - + - 


382 


CONTENTS, 


CHAPTER VIII. 


TERMINAL WORKS. 


Works at Cawnpoor torminus—Dubowli escapo and works—Dubowli bridge 
—Rajbuha hoad—Duacknapoor bridge—Cowrse of canal—Purchaso of 
Tand—Amonnt paid for houses and proporty—Now diroction of drainage 
—Drainage basins—Dotail of bridges—Longitudinal dimensions of bridges 
and bays—Locks—Pall—Tigh land on approach to Ganges—Archi- 
toctural foaturos of terminns—Flanks of somicireular ghats—Quality of 
soil on canal lino—Foundations of river front—Rates of brick masonry— 
Liontonant Intehinson — Liontenant Hodgson — Rate of under-sinking 
blocks—Terminal works on Etawah linc—Difference of Cawnpoor and 
Etawah termini--Double line of chambers— Descent of country ap- 
pronching Jumna—Termini of the branchos—Detail of Futtigurh branch; 
of Bolundshuhur and Koel branchos—Navigable lino from Bolundshuhur 


PAGES 


branch to Jumna~ - - 4s - = 883-410 


pour vse 


CHAPTER IX. © 
SOLANI AQUEDUCT, 


Solani river—Area of catehmont basin—Topographical chayacter—Rofor- 
ence to the Muskurra—Chavactor of tha Solani—Iloods—Fovest khadir 
—Drainngo water throw into Solani valley —~ Peculiarity of khadir 
rivers— Construction of aqueduct—Dimonsions — Earthen agueduct— 
Commouced in 1845-46—Trenches—-Canal channel it Roorkeo—Major 
Baker's lettor to Military Board—Stato of works on roturn of Lieutonant- 
Colonel Cautloy—Railways conneated with brick mamufactorics—Railwaya 
on Roorkeo ailo—Desoription of railronds—Cost—Retwns—Waggons— 
Btato of works at commencement of railronds—Longth of aqueduct—~ 
Masomy qseapes—Burrampogy nulla—Object of oscapos—-Worka con~ 
nected with Rutmoo and Solani forrents—-Tormini—Glats—Dimensions 
of terminal worke—Commencomont of carthon aqueduct—Royetmonts— 
Flights of steps—Progross of construction—Inclined planos—Carringo of 
eqrth—Earth waggéns—Valuo of waggon labour—Lubrieating material— 
GLocomotive—Myr, Thomason’s Ictter—Captain Goodwyn—<Absenes of 
coko—Locomotiva not suosstil—Rates of oarthwork—Sectional form of 
aquoduct—Wator cartiago—Tte boats—Canal bed—Masonry works— 
Bridges—Cattlo ghats—Depth of revotmonts—Matorial—Masonry aque- 
duct connested with Solani torront—State of works on Licutonant-Colonel 
Cautley’a return from England—Description of work—Toundations— 
Roport of 1845—Floods—Improved section~Design of Foundations— 
Uso of spilos—Undorsinking masonry—Irregulavity of depression—Sheot 
piling—Joundations of wings—Cylindrical wells—Rate of block-sinking~— 
Commoncemont of suporatructure-~Wing buildings—Railway across the 


z CONTENTS, 
raars 
Solani—Commencement of rains of 1850—Floods of Solani—ifleets on 
aqueduct—Building of the archos—Captain Gaodwyn’s roport—Dato of 
commencement of arches—Timher centerings—Mcan dopression on 1¢+ 
moval of centetings—Probability of sottlement—Ciack—-Quadiant and 
wall foundations—Protective apon—Sinking—Deriations from porpon- 
dicular—Complation of floorings—Au angemont of wing buildings—Menns 
of laying chambers dry—Lines of raihoad—Establishment—Ohjection to 
, outside excavations — Diainage—Berms— Amount of establishment — 
Levels of canal bed— Slope—Roorkce hidgo—Aqueduet flooing— 
Amount of discharge—Bunds and embankments in conneetion with 
aqqueduct—Chango in bed of Solani—Cuts—Action of floods of 1850; of 
1861, and 1852—Rotrogression of levels—Rains of 1858—Tina slope of 
Solani detormincd—Cuttings in prolongation of abutmonts—Theoratical 
yaluo of waterway—Capabilities of waterways to meet dischage—Tem- 
porary weir - : - - - + 411-587 
HO 


CHAPTER X. 
FXCAVATION OF THY CANAL CHANNEL. 


DiMculties contested with Ganges canal—Size of excavated channel— 
Axioms for capacity of channel—Slopo of canal hed—Dopth of wator— 
Amount of dischargo required at branch heads—Bxcavation—Ondeo oxea- 
vatois—Story of an interloper—Supply channel from Ganges to Mynpoor 
—Charactor of oxcavation—Cost—From Myapoor & Putri super-passngo 
—Suporsoil—From Puttii supor-passage to Rutmoo river—Naturo of 
country—Opposition of springs—scapo near Badshapoor nulla—Lovels 
of springs~Cost—From Rutmoo rivor to Roorkee—Pearan Kullecur udgo 
—Enbankments in Rutmoo yalloy—Depth of digging in tho Poeun 
Kulloow' ridgo—Fiom Rooikeo to Nanocon regnlatos—Digying come 
menced in 1842—Rato—Systom of contract—Numorous curves——Super soil 
~Embankments—Eseape channels—Iiom 16eth milo to Nanoor repae 
lators—Dimonsions of canal~Intormptionsg—-Desriibed by Mr Volk— 
Embankments—Exeayation of banks—Rates—Cawnpoot tormine]—Cul- 
tivation—Extonsive plains—DiMentties in procming contraotors—Liou- 
tonant Iodgson’s 1eport—iom 100th milo to Cawnpoo tominitg— 
Tntenuptions—Lioutenant Ilutchinson’s report—Lxceutive managoniet 
-~~Ttawah torminal—Rates of 1 o1k—Linos of expavation—Rates of exca- 
yvation—Eagtein Jumna canal—Conecalinent of had wok = - ~ G98-682 


tor 
CHAPTER XI. 
CURRENT EXPENSES. 


Establishments of canal divisions on Jamuary Ist, 1848, and on January Ast, 
1854—Extont of divisions—Hleetric telogiaph—First or northern division 


CONTENTS. xi 


PAGES 
—Extont—Estabhshment— Lead-quartors — Doputies—Mr, Finn—Bol- 


der floorings to the Soleni earthen aqneduet—Northern district establish- 

mont —(Revenit—- Seeond division — Extent— Ustablishmont Pattignh 

branch—Third division distiict—Janni Khoord eserpo—Estahlishment— 

Fowth or southan division—Extent—Kasimpoor escape—Establishmont “ 

—~Captain B, Smith’s now code—Summary of establishments (Emopean 

overseors—Civll Enginceis’ College at Rookee—Nativo suvoyms and iia 
Aiaughtamon—Sal gies—Nomenctatwny, of appointments—DPinee of iesi- A Wnare dun 
dence for exceutiya chigfs, or superintendents of distiicts—Cost of build- 
og a : sea cain 4] 12., 
ings—Advantages of arrangomoyt—Ordinary repqjrs—Cost of maintaining 

Enstorn Jumna canal—Ganges caral—Conelusion—Postserip ty + §89-028 


owt 2g) 
Cae 





° 
° 
SCEND Af MUNQGLOUR—-ENCAMPAMUNT. 


PART IIL, 


DESCRIPTION OF TI WORKS AND DETAILS OF 
CONSTRUCTION, 


You. I B 


THE GANGES CANAL, 


Cnarran I. 
DRAINAGE WORKS. 


Unper this hoad may be placod— 


I. Lhe dams and works connected with them at Myapoor 
dnd Dhunowri. * 

IL, The works in the Ganges Khadir, for the admission 
of country drainage. : 

TL. The works for the escape of country drainage. 

IV. Lhe superpassages for carrying the Ranipoor and 
Pultrt torvenis over the canal, 

V. The inlets which form a component part of the bridge 
and rajbuha channels. . 


The works in the first four items are confinod to tho 
tract of country lying above Roorkoo, and are, legiti- 
mately speaking, the «qnly ones which have beon 
exprossly designed for counteracting tho effects of tho 
mountain torrents, and drainage suboriinate to thom; 
thoso in tho fifth itom, although to the oxtent of their 
capacity capable of yvoceiving water that falls in their 
neighbourhood, are designed specifically to r¢medy the in- 
toxruption to the natural drainage caused by tho interyen- 
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“4 DRAINAGE WORKS, [PARE In. 


tion of tho ramps of bridges; tho bonofits to bo derived 
from them, therefore, are merely local, and rosticlod to 
the relief of the land lying on the up-sivoam side of bridgo 
ramps, and in the vicinity of tho choki buildings. 


I. The dams and works connected with them at Myapoor 
and Diunowri. 


Tho works at Myapoor and Dhunown, although thoy 
may be classed under the head of inlets ag woll os 
escapes for regulating the supply, fall more appropriatoly 
under the denomination of dams and drainage works. I 
have therefore included them in this chapter; whilst the 
escapes, which are situated at dotached points of tho 
canal chaniiel, ave described in Chaptor IT., wndor tho 
head of works for regulating the canal supply. 

At Myapoor the water reaches the dam through an 
open channel, without any masonry work for its espacial 
admission; and by closing tho regulating bridgo wator- 
ways, the whole of the supply which arrives at that point, 
either directly from the Ganges or from tho sido tribu- 
tavies, is passed over the dam without affooling in any way 
the excavated channel. Although, thorofore, tho toxm inlot 
may be proporly applied to the water on its appronch Lo tho 
works through tho open channel of the Hurdwar branch of 
the Ganges, it only affects the canal works immodintoly 
counected with the dam, In the same eatogory may be 
included the inlet for the Bochna Nulla, which onters tho 
branch on the wp-stream side of the rogulator; this, how- 
ever, is a masonry opening, with a waterway of 20 feot 
in width, ond a fall in tho shape of an ogoo, forming a 
part of the buildings attached to the Myapoor works, 

‘At Dhunowri, the inlet for the Rutmoo River is 9 
component fart of the works at that placo; it delivers 
the flood-water into the canal chamel, to be passed off 
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by the dam sluices, which aro placed directly opposite to 
it. The object of the building which forms the inlet, is 
to give the power of retaining the canal supply within 
a, limited space, which is effected by closing the inlet 
sluices during the periods when floods are not running, 
Had this object boen unnecessary, and had the inunda- 
tion which would otherwise have been consoquent on the 
introduction of water into the canal, been of no impor- 
tance, the design of the works here would havo been simi- 
lax to that of those at Myapoor, in so far that the Rutmoo 
channel on its up-stream side would have been loft open 
and unimpeded by masonry works of any doscription, 
The detail of this inlet, therefore, will more properly 
belong to the description of the works at Dhunowti, or 
those on the Ruimoo River. The inlots, im fact, which 
are attached to the dams at Myapoor and Dhunowri, are 
altogether, peculiar to their positions and uses, and on this 
-account I have included them in the present section. 
From the above if will bo undorstood, that the works 
which come under tho head of the First Section are only 
two in number, They are situated in tho Khadir of tho 
Gangos; ono being built over a branch of that rivor 
botween Turdwar and Kunkhul; tho other across the bed 
of tho Rufmoo torvent., The purposes for which thoy 
are designed are—to retaja the canal supply in its proper 
channol; and, in thoir capacity of dams, to provent it 
from passing beyond a fixed limit. In that of outlot or 
escape, they pass off floods during the rainy period, and . 
superfluous wator at? ather times; at the points, moro- 
over, whore they are built, they act as regulators to the 
canal supply. They may be described as masonry plat- 
forms thrown across the bed of the river, with thohr: 
flanks woll protected, and with the space between the 
flanks fitled with sluices. Taking the works of this 
description which have boon built on the Gangos Canal 
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in their order of precodenco, the first that comos under 
roview is the Myapoor dam and depondont works. 

Tho plan of the works, which aro connocted with the 
departure of the canal supply from tho Ganges River and 
its branch at Myapoor, is shown in all its doteil in 
Plate No, XIV, of the Atlas. 


Diagram 72. 


. 





The works consist of 1 danwthrown across tho branch 
at a point 8,850 fect below tho town of Hurdwar, and at 
the sito of what was formorly called the Gunes Ghat, 
This dam is connected on its right flank by 0 curved 
revetment wall with a bridgesof ton watorways, built 
across the mouth of tho canal; on the right and wp-stroam 
sido, o line of ghats and revetmonts acts as a rotainor to 
the bank of tho river abutting upon the right wing of 
the bridge. Tho skeleton of the works may be under- 
stood by the preceding diagram. 

Tho angle of departure, or that foymed by the dam 


OMAP, 1.] DRAINAGE WORKS. 7 


and the canal alignement, is equal to 126 dogrees; the 
goneral dimensions of the ground plan ave shown by 
figures on the diagram. : 
The foundations of a great part of the dam, bridgo, 
and connecting revetments, were laid in as far back as 
the year 1845, under tho executive managemont of 
Lieutenant Richard Strachey of tho Engineers, mdor 
* whom the whole of the foundations, and a part of the 
superstructure, were completed. Lioutenant Strachey left 
tho works in 1846, and was succeeded by Lieutenant Yule ; 
who mad over charge to his successor, Lieutpnant Alfred 
G. Goodwyn, in 1848. Under the latter officer the works 
have been brought to completion. The ground-plan as 
originally designed has not been deviated from, The 
superstructure of the bridge, as well as that, of*the ghats 
and revetments—in fact, the whole of the work with the 
exception of the dam sluices and their piers—was com- 
.ploted by Lieutenant Yule, to whom tho design of the 
bridgo elevation, steps of access to the ghats, and general 
ovtline of the cornices and string courses is duo, Tho 
Bochna Nulla, 2 mountain forront of moderato dimon- 
sions, is admitted into the works through an archway of 
20 feet in width, which is pierced through the right revet- 
mont at the point Ii in, the diagram: the water nt this 
nulla, on iis voaching the works, has a drop of 10} feet, 
two of which are expended in » head reservoir, offering a 
concave surface to the current. 268} feet above the inlet 
the Bochna Nulla is crossed by a bridge, which, with the 
bridge over the canaf, act as the connecting links hotween 
the towns of Hurdwar and Kunkhul. The works attached 
to the Bochna Nulla were completed by Licutenant 
Stvachey, and before the period of Lieutenant Yule’s 
assuming charge of the executive duties. Inimediately 
in the roar of tho line of ghat which constitutes a portion 
of the vight rovetmont, and at a distance sufficient to 
° 
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leave a. wide -passage. between. tho revetment parapots 
and-itself, a second revetment, broken at -intorvals by 
square and. octagonal towers, acts os a rotainor to. tho 
high land which lies at its back. Access is gained to this 
high Jand by a flight of steps at the end of the towor 
wall nearest to the Bachna Nulla. dees : 
~.. The:design of these towore is derived from buildings 
of the same description which existed -previously to tho - 
commencement of the works. A roadway, partly paved 
and. evidently. of great antiquity, ran: from Hurdwavr. to 
Kunkhul, along’ the edge of the high bank, and parallel to 
the branch of the Ganges. Its course-was continuous, 
excepting only-at thosa points where the lateral torrents 
broke through it. It formed the line of communication 
between. the -two towns for the pilgrims frequenting the 
Hurdway fair; was richly wooded, and marked: here: and 
there -by noble «specimens: of the ‘bur (Ficus religiosa); 
peepul. (Ficus: Indica), and other «trees loved: by the, 
Hindoo.’..Under'the shade of thed trees, and at short | 
distances apart from. each other, were bytuks, or places 
upon which fukeors and otfier holy mon sat-and roceived 
the adulations of their admixors. , These bytuks consiated 
of. octagonal -or square towers, nob oxcooding 7 foot. in 


. height, approachable: by-a flight pf steps, and frequontly 


situated. in:.the: middle of a qhubootra, or platform .of 


- Masonry. They were, in fact, the. earthly palaces of the 


fukeers'; each had its possessor, and: every separate. bytuk 


"had its. peculiar sanctity... ‘Lo-. whatever: extent ‘theit 


owner's: intermediate wanderings way havo Jed.him— 
whether to the snows of Gungooiri, or. to the buming 


“plaints of Jugeunath—ench: successive year oxhibited: 40 


the. admiring pilgrim. the same: fukeer. sitting in. the - 


“Same bytitk; in-all probability with: the same uncombed 
"hair, and’ with, the same’ ashy, unwashed, and, unshayon 
~equntenanee. (See Vignetio; pp. 104: & 888, vol. i)... 
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As.a necessary consequence of the excavations at the: 
canal head, and their position relative to the bank and 
road, a number of bytuks equal to that which. has. been 
constructed, had to be pulled down. «In rebuilding these, 
advantage was taken of the opportunity to-place them as 
ornamental features in rear of the bathing ghats, and in 
the position, in fact, in which they are now situated. . This 
position is not far. removed from that occupied. by. them 
originally; and a large bur-tree, which, in all probability, 
was the centre of. attraction to the neighbourhood, 
shading with its gigantic arms the old bytuks, necessarily « 
removed, now. performs its former office for’ the new 
buildings,.standing on. an esplanade prepared. for its 
reception, and protected on the river side bya retaining 
wall of masonry, as shown in the diagram atsthe letter G. 

T have elsewhere stated that the channel which has 
been excavated from the Ganges to the Myspoor dam and 

regulator, is 800 feet in width, on slope of 8°59 foot 
por mile, On this slépo also, the tail oxcavation from thé 
dam towards the main river at Kunkhul ‘has been exca~ 
vated: the oxtont.to which this has boon carried, is shown 
in a purple shade on Plate No. XIII, of the Atlas, The 
different. improvements that are proposed in the neigh- 
bourhood ,of Hurdwar gnd. tho bathing ghats, swith ; dif- 
ferent suggestions for facijitating ingross and egiess to the 
water, having all: been described in Chapter IL. of’ the 
Second: Part, I.shall proceed with tho detail of the dam: 
works, the outline of which, together with that of the 
bianch;‘provious to fs, having been touched’ by the-exca- 
vation; is shown in the foregoing diagram, 

The left flank of the dam, it will be observed, abuts 
upon an island, in which nearly one half. of its full width 
was excavated..The island at the point of contact, although 
terminating: at a short.distance-below tho: wouk, is com- 
posed of compact carth and shingle, and affords a sound 
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and efficient resting-placo for the flank walls, Tho right 
flank falls within tho precincis of tho branch, ag it 
oxisted at the period when the works’ woro lincd out, 
and is consequently backed by shinglo and soil oxea- 
vated from that portion of tho mouth which les noxth 
of the regulator. Tho outline of the oarthwork and 
embankments, as woll as that of tho dam, bridge, and 
revetments, as they now exist, is shown in diagram 72 by 
plain lines. 

The floovings of the dam and of tho regulating bridge 
are laid on-one level, and tho front line of tho lattor is 
the zero upon which the wholo of the crnal oxcavations 
are referable, The zero point was fixod by mo on my 
original survey; it was, in fact, tho bed of the branch at 
that period, es nearly as tho calculated bed lovels of tho 
canal, between the head of the first set of falls at Baha- 
doorebad, and the foot of the Gunes Ghat, bofore alluded 
to, would admit of. 

The slope of the branch chanttel, from tho Gangos 
to tho flooring of the Myapoor rogulating bridgo, is, as I 
have before said, 8°59 foot por milo; that of tho canal 
channel below the bridge, 2 feot por milo ; tho chango of 
slopo, thorefore, is a very xomarkablo ono, Tho bods of 
all the rivers. consist of largo and small boldorg, and 
the supply of water throughou tho whole of tho yoox, 
excepting during fioods, is pure as crystal. Tho offocts 
upon the canal bed on tho up-stream sido of the dam, ag 
well as along the line of the canal, from its mouth down-~ 
wards, will doubtless be shown by d8posits, which will bo 
increased by tho influx of sand and shingle brought down 
in the Lulta Rao; in 2 minor degree, deposits algo will bo 
due from the Bochna inlet, I believe that such doposits 
are unavoidable, and that periodical clearances will bo 
requixed ; their effects, howevor, will not be prejudicial to 
tha maintenanea af anniv 
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The dam itself, which is 517 fect botweon the flanks, 
ig pierced in its centre by fifteen openings of 10 feet wide 
cach; the sills ox floorings of each opening being raised 
24 feet from the zero line. These floorings are go con- 
structed, that if necessary, they may bo removed, and a flush 
waterway be obtained as low as zero. The piers botweon 
the above openings are 8 foot in height, so that tho elevated 
flooring leaves the depth of sluice-gate equal to 5} fect, 
The piers, however, aro fitted with grooves for the admission 
of sleepor or vane planks, to which I purpose restricting 
the apparatus for closing the sluices, until oxperience has 
been gained of tho effects of deposits on the up-stream 
side of the works, and the advisability, or not, of main- 
taining the raised sill to the openings. There are great 
advantages in the sill being raised, with regpegt to facili- 
tating the opening and shutting of the sluices; tho 
arrangement algo reduces the gates 10 a moderate height, 

.and consequently toa more managoable dimension for 
working; it admits, moreover, of the sluices being opencd 
and closed in a much shorter,period of time. Opposod to 
those advantages, however, is the cortain consoquonce, I 
imagine, of deposits arising from a bar of masonry zaised 
24 foot above tho true level. Tho adoption of this bar, 
it will be understood, ispuroly oxporimental ; and should 
its existence be found hevroatter to bo dotrimental to the 
works, it can bo removed, 

The centrical sluicos above described are connected to 
tho flanks by ovorfalls, tising in gradations of one foot on 
three sorios; the overfall nearest to the flank being raised 
10 foot above the zero point. Tho flank walls themselves 
are 184 feot in height, exclusive of cornice and parapet, 
which vise 6 fect above them. The top of the ovorfalls 
on tho right and left, as well as that of the piors, is flat; 
the former being an esplanade varying from 7 to 10 fect 
in width, which duxing dvy weathor is connected by a 
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temporary communication formed by planks thrown 
across the sluice openings. This osplanado is at orch 
extremity terminated by a flight of stops, which givoa 
access to store-rooms; in which, when tho dam is Ivid 
opon, and tho woodwork romovod, tho laitor is lodgod fox 
security. The two buildings for this puxposo are situatod 
on the flanks; their floors axe raisod 20} foot from tho 
zoro point, and their intorior dimonsions aro 80 toot 
in length by 16 feet in broadth. 

The flank zevotments, which aro built on tho right 
and left of tho down-stream side of the dam, and botwoon 
which the escape water hag to pass, havo beon designed 
with an inclination inwards equal to 18 feot on a longth 
of 80 feet. ‘Che principle on which a wall placed in this 
divection is supposed to act, is fully doscribed in tho 
chapter on Falls; as in the tails of thoso works it haa 
been carried out very extensively. Its main object is to 
keep the current in the centre and away from tho sides, , 
and it is more cconomical in its construction. 

The transverso width of tho dam platform is 44 foot, 
measuring from the up to “tho down-stroam faco of tho 
work. Of this measuromont 20' 11” aro givon to the tail 
which delivers the water upon tho natural bed of tho 
river, consisting of large holders gnd shingle. , 

The revetment which conngets the right flank of tho 
dam with the reguliting bridge, is a plain wall equal in 
height to the dam flanks, and with a slope or batter of 
24 in 20 feet in height, This revetment, on its approach 
to within 50 feot of the bridge, toxIninatos in a lino of 
ghat, or flight of stops, which passes from the highor lovola 
to the bed of the canal. The up-stream wing or flank of 
this flight of steps comesponds in form with that of tho 
wing of the bridgo, with which it has a uniform eurvo. 

The regulating bridge hes ten bays or openings of 
20 fect wide and 16 feet high each; each bay boing 
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fitted with shutters and apparatus for cither opening or 
closing it, Tho breadth of the platform on which the 
piers vest is 48 fect, exclusive of tho cutwaters, which 
project 4 feet beyond it. Tho roadway is 87’ 0’ wido 
between the rear parapet and the up-stream front wind- 
lasses ; it acts as the main lino of communication botween 
Hurdwar and Kunkhul. 

My dosign for regulating bridgos has invariably 
grooves appended to both tho up and down-stream faces 
of the bridge. The latter ave useful when, accidents occur 
to the front gates, or to the apparatus for using them,; 
and they provide an alternative which without them does 
not exist. In the present caso the deviation from the 
original design for tho superstructuro, to which I have 
before alluded, has deprived us of these acgessories ; and 
it was not possible, without a total reconstruction of the 
rear face of the bridge, to restore’ thom. The design of 
shutters for closing tho regulators is different to that 
which has been ‘pra¢tisod on tho Jumna canals ; it affords 
much greater facilities for working, and secures eithor 
the closing or the shutting of the bays in a much shortor 
poriod of time. Both of these objects are of great con- 
sideration whon wo are opposed to the immediate action 
of the Ganges; tho extreme high wator boing, agreeably 
to a rogister kopt for tho last twelve years, oqual to 
16 feot upon the zero line. 

On the Jumna regulators a drop gate is used in 
a simple groove, and slecpers with a scantling of 
6” squaro axe dropfed upon the top of tho gate. Both 
timo and Isbour are réquirod 10 closo or open the bays 
when fitted with apparatus of this sort, but it has always 
acted very officiently ; and opposed to the Jwmua floods, 
has done its duty vory well, It must be recollected, 
howevor, that on the Jumna canals wo havo neither the 
samo volume of water to contend against, nor tho same 
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number of bays to opon and shut, that oxist on the works 
which wo are now dogeribing: it was necossary, with Lon 
bays upon which the safoty of tho works dopondod, to 
devise some quickor mothod than that which acted for 
threo, and, if possible, to oconomizo tho lnbour roquired 
for using the apparatus. Tho following diagrams will 
show in vortical section tho mothod which is in uso on 
tho Jumna, and tho improved method which I havo 
adoptod in tho presont cago. 


Diagram 73. . 





O11 Method on the Tuiproved Wothod 
Jumna nm the Ganjcoa 


Fig. 1, it will be observed, voprosonts the groovo and ils 
culwator opposed to tho up-siroam curront; ‘a’ ropro- 
sonts a gato 5 fect in dopth, which is kept suapondod in 
dy seasons, and is dropped down on tho oxpectation of 
floods; b, b, b, show tho sloopors, or long bars of timbor, 
which, when the chains aro romdved from tho gatos, avo 
successively dropped upon thont until the bay is closod. 
The time that this takes is equal to eightoon minutos ; the 
whole operation has been frequently carried on in my 
presence, and the period taken has been accurately limod. 
Tho perfoct officiency of this syfocies of shuttor, in tho 
hands of our native ostablishmont, has boon tostadl by mo, 
by actual vesidenco on tho spot during the rains, and by 
personal superintendence of the machinery. 

Fig. 2 shows the improved design, gainod by tho 
use of two windlasses, The bay or opening, it will bo 
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observed, ig divided into three sorics, the more advanced 
ono having its sill on tho zoro levol; the contrical and 
rear ones having their sills clovated in heights of 6 foet, 
velrograding towards the faco of the bridge. Tho shutter 
marked No. 1 is droppod from a windlass on tho bitt- 
head 1; that marked No. 2, from the bitt-head 2; 
that markod No. 8 consists of slecpors, which aro raised 
and loweved without tho aid of » windlass. The threo 
gatos, therefore, arc quite independent of each other; 
each has its own sill to rest upon; and the whole can, if 
necessary, be worked simultancously, The great advan- 
tage of this method will be undorstood, by supposing that 
a supply of water not exceeding 6 feet in depth is re- 
quired for canal purposes. In this cago, tho whole of the 
shutters 2 and 8 may remain closed; andywhen floods 
como on, the whole of the waterway may be stopped by 
reloasing ono set of gates only. 

Supposing, again, that the maximum supply of 10 foot 
“in dopth is passing dwn tho canal; and that to admit of 
this, it is necossary to havo both the No. 1 and No. 2 
shutters vaised; No. 8 will Still remain closed; and os 
both No. 1 and No, 2 shutters aro suspended on separate 
windlasses, both can be simultaneously relicyod, to the 
offective and almost instantancous closing of the whole 
of tho regulator. It will be yecossary for navigation 
purposes (dependent on tho headway required for boats), 
1o have ono of tho bays with its shutters open; but as 
during flood poriods neither boats nor rafts aro likely to 
frequont this part oftho viver, no inconvenience from thig 
sourco neod be anticipafod. The machinery attachod to 
theso gates is of the most simplo description, intelligible 
4o the commonest labourer on the works, and not liable 
to disarrangoment. It consists of windlasses, which work 
in sockets ombedded in wooden bitt-heads, with ratchet 
wheels and catches ; the windlassos being turned by hand- 
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spikes. The chains are on the bar principle, in longths of 
8 inches, with plein rivets; and the shutters aro mero 
plenks, strung upon iron rods, hold at their lowor onds 
by nuts, and torminating above by rings countersunk for 
fixing the chain upon, The wood used is saul (Shorea 
robusta), the staplo timbor of the Sewalik forests. 

The above will, with the addition of Plato XIV. of tho 
Atlas, give a full exposition of the dam and rogulating 
bridge; it being undorstood, that when tho shuttors of 
tho latter are down, and the bays aro closed, the water is 
passed off through and over the dam, the sluicos of that 
work being opened for the purpose: the systom, ‘thore- 
fore, of admitting and regulating the supply of wator into 
the canal head by the works abovo oxplained, will neod 
no further dascription. 

Thave before noted, that a ghat, or flight of stops, is 
the connecting link on the left, botween tho dam rovot- 
ment and the regulating bridge. A ghat, idontical, both, 
in design and dimensions, is also s§mmotrically situated’ 
on the right. From the up-stream flank of this ghat, o 
straight line of revetment, on proportions similar 10 those 
on the left or opposite sido of the canal, moots by a curva 
on its extremity, the inlet of the Bochna Nulla, the canal 
face of which is equal to 50 fect in width. A corresponding 
and semicivoulay curvo gives a [mit to the inlet works on 
their up-stream side, and connects them with a lino of 
ghat of 885 feet in length. The ghat is approached by a 
flight of steps placed centrically on its length, and abuts 
at the up-stream ond, upon the fuk" szevetmont, This 
revetment, with a species of borm or faussobray on tho 
canal side, was built for the protection of a masonry 
platform, from the centre of which a bur-treo, bofore 
alluded to, rises. This noble treo is well protected on the 
canal face by the existing works, and the lino of bytuke I 
have described as constituting a part of tho revetmont in 
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rear of that of the ghat face, restores to a certain extent 
a harmony between the works recently built, and those 
which existed on the ancient line of paved roadway. 

The fukeer’s revetment, and the building, for whose 
protection the works in its noighbourhood wore designed, 
ave much olevatod in position. Although at o distance of 
only 417, feet from the horizontal esplanade on which tho 
regulating bridge and other works attached to it are laid 
out, the rise to the fukeer’s building is 10 feet. In my 
original plan for this work, the differenco of level was 
gained by a slope, or inclined plano, ascending from the 
Bochna inlet to the fukeer’s building. Upon this plan 
the elevation has been completed; the effect, howover, 
is by no means pleasing, the leading cause of which is 
“an absence of parallelism in the composition; tho upper 
line being on a slope, while the lower one is Horizontal. 
Tt would have been better, in all probability, to have con- 
tinued tho esplanade on one level to the foot of tho 
fukeor’s buildings, an@ at that point to havo given steps 
of ascent to tho front and a ramp to the roar. Tho wholo 
of the work, however, was cémpleted boforo my return 
from England in 1848, and it was not thought worth 
whilo to mako alterations, which would necessarily have 
boen vory expensive ones, and after all would only 
have boen'an improvement, in so far as apponrances 
wore concerned. This part of the work, therefore, has 
becn loft in tho stato in which it was originally built, 
partly undor the dosign of Lieutenant Strachey, and 
partly under that of Sicutenant Yule; the whole having 
been completed by tho lattor officer. 

I may observe, in concludiig my romarks upon these 
buildings, that it would havo been both unwise and 

_ Unnecessary to have raised the roadway of the regulating ~ 
bridge, and by this method to havo placed it in closer 
correspondence with the level of the fukeor’s buildings, 

VOR. I. ty 
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and of the embankments on tho down-stream side, which 
are also much elcvated, consequent on tho cnormous 
extent of the canal oxcavations. It is our object to limil 
the extent of waterways in the regulating bridge to that 
capable of admitting tho roquired supply, and of giving 
free and unimpeded passage to boats; beyond this, overy 
additional square inch of waterway is not only wnno- 
cessary, but is a positive evil; it would, thorofore, bo tho 
desire, rather to diminish than to increase the height of 
the bridge, and to depress rather than to elevate its 
roadway. The want of elevation, howovor, has led to 
the necessity of the awkward ascent to tho fukoor’s 
building ; and on the down-stream sido of the bridge, to 
as awkward an inclination of tho roadway embankmont, 
to meet the bridge roadway levels: infact, with tho* 
exception of the esplanado betwoen the bridge and tho 
dam, and the roads of approach from the country, which 
axe all in one horizontal level, tho bridgo is roached by 
downward descents, which, although on small anglos, by 
no means improve the appearance of tho works, 

Plate No. XIV. of thé Atlas onters vory much into 
detail as to tho construction, and to material used in tho 
building of the Myapoor works. 

Tn laying in tho foundations of the dam and bridgo, 
which were in progross provioudly 40 my loaving Tndin in 
1845, spring water was, met with, lending to great iIncon- 
venience. These foundations, which consist of unbrokon 
curtain walls, with cross-bars between thom, wore sunk to 
a depth of 6 feot, and built opeiroly of boldora and 
cement, A great portion of ‘tho massivo part of tho 
superstructure of the, works was also built of tho samo 
material, with brick bond, as vepresented in Tig, 6. Vhove 
bolders were not used, bricks were omployod ; and of this 
material the wholo of tho facings and moro dolicato parts 
of the structure wore made. The steps of tho ghats, and 
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approach thereunto, are faced with sandstone procured 
from the hills in the neighbourhood—a material of very 
uncertain quality, and which, asa rulo, I have rejected 
from the works. This sandstone has boen used in the 
bridge in a variety of ways, most beneficially, in my 
opinion, in the grooves, the difficulty of altering which 
to adapt them to the regulating shuttors, affords a fair 
exhibition of the strength of tho material when carefully 
selected. The whole of these works are stuccoed with a 
cement of the following proportions :— 


1 part Lime (Stone). 
1, Soorkee, 


The proportions of cement used with the different 
species of masonry are as follow :— 


Botprr Masonry. Briox Masonry. 
1 part Stone Lime, 1 part Stone Lime, 
1 ,, Soorkee » 1 4 Soorkee, 
1, Sand. 


Tho total amount of material oxpended in these works 
is shown iy tho following table, to which is apponded tho 
rates at which the differont varicties of work wore oxecuted. 


Cubic Feot, 
Total Cubic Contents of Musoniy . . + 620,101 
Marnruats Txrnnpep, 
Bricks, 12” x6” x24". : ‘ 864,821 
Do, 12”x6"x2" , ‘ 585,744 
Do. Small (native).  . 2,700 
Bokders » oe . 885,000 maunds. 
Stone Lime . : 1a ‘ 98,690 cubic fect, 
Soorkes . A ¥ . 96,991 Do. 
RATES. 
RS, Ae PB 
Biick Masonry . : 19 10 5 per 100 cubic fect, 
Bolder Masonry . . 9 O 5 per Do. 
Plastering . . ' 6 6 1k por 100 superficial feet. 


0 2 


20 DRAINAGH WORKS, [PART 11, 


Small ag the arches of thie regulating bridge aro, thoy 
appeat' to have been constructed with wooden contorings, 
instead of on the effective and economical method adoplod 
by the natives. The yesults have beon curious: tho cost 
per 100 eubie feet of arched masonry, including tho con- 
terings snd contingencies thereunto attached, having 
been rupees 85-1-9, This hoavy chargo is, of course, 
owing to the whole of the cost of the carpentry and 
woodwork of the centerings being chargeable to this work 
alone : there were no other arches of the same dimension 
in the works, excepting in the regulating bridges, of 
which that attached to the Rutmoo was the only ono in 
the neighbourhood; and to this the woodwork xoforrod 
to could only have been transported at serious oxpensa, 
Tt will he seen in the summary of ratos on the lator, 
that the use of earthen conterings produced a rate for tho 
archwork per 100 cubic feet of rupoes 19-6-0 only, 


Tan Duvnownt Wonxs. 


These works consist of dam and inlot thrown across 
the Rutmoo torrent; a rogulating bridge and bridgo of 
cross communication in connection with tho canal channel; 
and revetments with a variety of drainage worka appondad 
tothem. They avo situated b&twoon the 18th and 14th 
miles from the Myapoor yogiator, and bolow tho grant 
descent that takes place in the canal bed lovoly in the 
vegion botweon tho Ranipoor and tho Putiri torrents, Th 
exhibiting a skeleton of tho work which aro connected 
with tho Rutmoo Rivor, I shail bo ablo to intradney the 
details with groater precision. 

The following diagram, with tho map of the Rutmoo 
River in the neighbourhood, on tho opposite pago, will 
lead to a full understanding of tho wholo quostion, 

Tn on carly chaptor, the causes which dolorminod 
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The Hlue Unt shews the coetent of mundeten: in the Rutmees Helle, 
witha depth of 10 feet in. Canal. 

The figures 62.900 be, the depth. of weer The Beek: figures sis 90 &e, 
the height: cf land abeve the surfece level of Caneel. 

The dark Pirple vu shews the 3 Qats maide previeusty te the reins 


&f1SER, 80 tin to allow the Reeds of that year te act ow the intencted: 
bearing. 
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the peculiar lining out of tho above works, hevo boon 
doseribed ; the inundations on tho up-stveam sido of the 
torront, consequont on the absonco of works for their 
prevention, have been ogpecially voforrod to; it was sug- 
“gostod that a woll-managed inlot, with officiont-drainage, 


NEW our 





might ontirely reliovetthe country from inundation ; and 
that it was possible, when the works were in progress, 
moans might be discovored fot porfocting the design in 
such a way that all tho dosiderata required should be 
obtained. I believe this has been dono, and that tho 
works as constructed will reliovo the country from inun- 
dation, and ab the same time give a freo escape to any? 
wator that may either come down the river, or find its? 
way by leakage undor the works, 

The cahal at its intersection with the Rutmoo River, 
meets it on its own level; the sills of the different works, 
therefore, ave on the level due to the particular slope of 
the canal bed, calculated on the distance from the zoro at 
the Myapoor regulating bridge. 

The Rutmoo, with the exception of a short period of 
dvy woather bofore the annual rains set in, may be con- . 
sidered a perennial stroam, carrying a very small body of 
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water, but still sufficient 10 maintain the above charactor. 
Tn the driest weather, and when there is no observable 
stream, spring watcr is found immediately bolow tho 
surface. The arca of the eatehment basin is 126 square 
miles; its oxtremo length may bo estimated at 21 milos, 
six of the most northerly portions of which aro moun- 
tainous, and the remaining jungle and forest; its avorago 
width is six miles, The effective slope upon the works is 
8 feet per mile, 

Tho width of the Rutmoo valley at the point where 
the dam is built ig one milo, and the soction of tho 
channel of the rivor itself is shown by the following 
diagram. This section exhibits tho highest obsorved’ 
floods, which took place on tho 21st July, and on the 
29th September, 1850, and shows the stato of tho bod of 
the river, both before and after tho floods; offoring a 
fair exhibition of the mutability of the coursos of theso 
torrents during the rainy periods, 


Diagram 76. 
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A Liond of 2uth Soptunba, 1850, 4 77 trot below 70, 
YB Ditto, ast July, 1880, {707 fot ditto 
CC Fath ent away by Llaod of 29th Septembor, 1460 


Dotted Ho rep edents transverse section of the Rutinoo Jus before the aatn fi 
Biack ling teprisents the sume after tho raing ot 1860, ARE TN. 


By reforring to the map, it will bo scon that, indepon- 
dently of the torrent itself, which passos on tho loft, a 
minor stveam rans undor tho right bank of tho valloy. 

. This little tortuous nulla, the bed of which is 4-14 foot 
below that of the Rutmoo itsolf, is ono of those lino of 
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dvainage which I have bofore described as the usual 
appendage to all the khadir lands of the mountain 
torrents. Tis bed is, to all appearance, carved ont of a 
hard soil, giving rice cultivation to its neighbourhood ; its 
course is full of springs, and it is marked by ‘ dulduls” 
or quicksands. 

Tho blue tint on the map represonts tho area of sur- 
face that would bo inundated, supposing that the dam 
was closed, and that tho maximum height of 10 feet of 
water was passing down the canal, without the intorven- 
tion of a work for confining the volume within its proper 
channel ; or, in other words, supposing that no inlet had 

been built. The figures represent the depths of water 
on the blue or inundated surface, and the height of dry 
land above it elsewhere. 

Tt will be obsorved that the site of the work fs 800 foot 
to the left of the natural channel of the Rutmoo Rivor, an 
arvangoment which admitted of the annual torrents being 
passed off during the progross of our operations without 

* interforing with cithor the excavations or material. 

Tho position in which-the-works aro built necessitates 
a chango in tho course of the river, tho lining out of 
which is shown in tho map. A system of transvorse spurs 
or ombankmonts, identical with that which has been put 

‘in practice at the Putthi, has boon carricd out on the 
approach of tho now eut fo the works; the deop section 
of the Bhuguleoa has been filled in, and cuts have been 
made from the low ground in its neighbourhood towards 
the main torrent, foe the purpose of relieving the right 
side of the valley from inundation. The spurs which 
abut on the right bank will, it is supposed, lead ulti- 
mately to tho warping up of this side of the valley. 

The canal ombankments which connect the regulating 
bridgo with the high land on the Peeran Kullecur zidgo, 
have (with exception of that taken from the channel, 
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which bears a small proportion to their extent) beon made 
from earth brought out from the deep digging through 
the ridge. The length of these embankments ig equal to 
6,000 feet, and the work has been done ontirely by the 
aid of railroads and earth waggons. At the debouche 
from the deep digging, the esplanade on the top of these 
embankments has been mado of oxtraordinary width and 
in a form which is shown in the plan; tho object being to 
cover the Bhuguleea by as great an oxtont of raised 
embankment ag was possible. Tho embankments on tho 
right, or those which are more directly opposed to tho 
Rutmoo torrent, have also had increased height and width 
given to thom. The section of tho canal channel which 
lies between the Rutmoo works and tho Pecran Kullecur 
ridgo is as follows :— 
° 


Diagram 77. 





if 
i 
| 
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I may observo that, in oxcavating the channel from 
A’ to A‘ (vide diagram 74), spying-water wag mot with 
at depths varying from 7 to 1Q fect from tho surfico— * 
a circumstance to which I would draw particular attention, 
from the influence that it had upon the design ns connected 
with drainage. The position of springs with reforence to 
_the surface of the country, on the lihe from the Myapoor 
regulator to the high land of the Doab at Roorkeo, is 
shown in diagram 166, Chap. X. Tho rosult of tho 
boring operations on tho site of the Rutmoo works, is 
shown in the following diagram. 
The above outline of the main poculiaritios attondant 
upon the position of the Rutmoo works, will enable tho 
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reader to comprehend the detail which Iam now about 
to enter upon, and to appreciate the difficulties that were 
overcome, and the final success that attended the assistant 
engineer in bringing the whole to a completion. 


Diagram 78. 
37 foot below Zero, 37 feot volow Zero, 





















































































































































The Rutmoo works were commenced in the carly part 
of 1850, under the management of Mr, Thomas Login, 
who on the completion, of the first-class choki, made 
“Dhmnowri (the name of the estate in which the works 
are situated) his head-quartors station. The position of 
the brick-fields, the connecting lines of railroad, and all 
economical arrangements regarding the cavrying on of 
the works, were lefi%o Mx. Login’s. management; their 
general detail is figured in the map. The proximity of 
the brick-fields, not only to the works themselves, but to 
‘the excavated channel of the new escape from the dam, 
has been of the greatest possible advantage. The brick 
soil, although not found in great quantities in the chan- 
nel oxcavation, was procurable in the immediate neigh- 
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bourhood, where it wag in sufficient abundance to onable 
us to maintain a sot of puzawas or nativo brick-kilng, as 
well as a serics of 22 English kilns. ‘Tho bricks for the 
latter were made by hand on masonry platforms; and 
the native kilns were supplied entircly by ono of Hall's 
brick-making machines, tho advantages of which havo 
been explained under the head of Matorials. After lining 
out the brick-fields, and fixing tho position for the kilns, 
the brick manufactories wore consigned to the charge of 
the executive officer of materials, who deputed a Buro- 
pean overseer for their superintendence. 

When the works had becn lined out, and cxecrvators 
had been placed upon them, tho first object was to dis- 
cover in how far the spring-watcr lovel might bo lowored 
by taking advantage of the natural declivity upon which 
the river ran, in carrying a ditch, or trench, on a reduced 
slope, from the foundations, on a course corresponding with 
the direction of the current. The natural slope of tho bed 
was 8 fect in amile. It was supposed that, by giving 
the bed of a trench a declivity cqual to 2 foot por milo, 
the spring level might be teduced to at loast 6 fect, and 
by these means tho laying of tho foundations might be 
commenced at an equal depth below the wator lovol. 

The accompanying sketch shows in plan and soction, 
the drainage works that were oxcoutod on tho above prin- 
ciple; and which, during the wholo of the oporations, 
performed their duty most officiently. Tho spring-wator 
was reduced 6:26 fect bolow its naturel lovol, which with 
the further aid from baling, enabied us to Iay in tho 
foundations in somo cases to a dopth of 10 feot without 
interference from water; and it secured a system of wndor- 
drainage across the lino of canal, thoroby providing a 
remedy for the evils of up-stroam inundation, which could 
by no other plan that I can sco havo been obtained. 

The drainage cut, it will bo obsorved, cammeoncod on 


© 
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the loft up-stream side of the canal excavations for the 

dam works at the point A. It took the ewrve upon which 

the dam oscapo channel was hereafter to be oxcayated, and 

van for a distance of 6,000 feet to a point in tho bed of 

tho river, just below the junction of tho Badshahpoor 
Diagram 79. 


Plan and Suction of Dia of the Dhunawl Works 
Ze1o—L loo of My npoos Regulator, 
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Nulla. Tt was oviginally excavated on a width of 10 fect, 
which was (os tho foundations increased in dopth) 
graiually increased to 20, and with a slope of 1:5 foet 
por mile. On this level it struck out on the suvfaco of 
tho bed of the rivor at the letter B. The cut, in its course 
down the bed of the torrent, was protected by ombank- 
ments, strengthoned at every 200 fect of its length by 
short returns or spurs; a similar protective measuro was 
adopted at its point of contact with the Badshalpoor 
Nulla. The width originally projected was found to be 
insufficient in sand excavation, where the action of the 
spring-water had to be contended against; and latterly 
it was extended ta 20 feet, and oven to 25 fect, at points 
whero the actiom of the springs was most cnorgelic, 
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From the nature of the soil throngh which tho channel 
had to be maintained, which may be described as sand 
saturated by springs, it will be undorstood that this 
trench was only maintained in an officiont stato by constant 
clearance, and by every attontion being given to the rogulax 
flow of the water from the foundations: the smallost ro- 
migsness on the part of tho clearing parties, had, in fact, a 
ready indicator in the stato of the high-water mark upon 
the foundations in progress; and it was quite impracticable 
to be indifferent to the maintenance of a work on which 
all progress depended. During flood seasona tho pro- 
tective embankments wore necessarily injured, and por- 
tions of the cut itself filled up: such ovonts wore inovi- 
table, from the vory position of the works, situated ag 
they were in the course of the torrent itself. Whatever 
the difficulties might have been, and howover voxatious 
in the detail of progress, the ultimate success has beon 
most remarkable. 

One very great point was gaifiod by the succossful 
maintenance of the drainage line, laying asido the advan- 
tages in an economical point of viow of obtaining 6°25 feot 
in depth of building froo from the interruptions of water :— 
it gave us the means of draining tho country lying on the 
tight bauk of the canal, by masonry channels carriod 
under the canal itself; and it instantly removed ono of 
the greatest of all our impedimenta ; it onabled us to 
relieve the upper side of the Rutmoo from inundation, 
and to protect to a certain extent tho revetmonts which 
were connected with the springs, from the injurious 
action tho latter might have upon tho masonry work. 

Having described the most interesting proliminary 
period of this undertaking, wo now come to the timo 
when masonry work was commenced, and whon Uno eurbs 
or noemchuks for the blocks were laid down. ‘Tho 
abrupt curve which the canal takes on ils approach to 
tho Rutmoo is Langontial to elignements which moot coach 
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other at an angle of 117° 14 10”; this curved channel 
is protected on each side by masonry revetments which 
abut upon a bridge of cross-communication. Below this 
bridgo the line bears directly upon Roorkee, and tho 
eanal procceds forward to the Rutmoo, between masonry 
vevetments of a similar description to those on tho up- 
stream side of the bridge. The Rutmoo is crossed by 
two paralle) platforms, fitted with sluices for the ingress 
and egress of the torrent; tho platforms having their 
flanks woll protected and built continuously with the 
revetments which on the up-stream side connect them 
with the bridge of communication as abovo noted, and 
on the down-stream side with a regulating bridgo. ‘To 
the tail of this regulating bridge, flank protections have 
been given in the shape of ghats, and the whole outline 
of the works, which will be botter undorstood by reforonce 
to diagram 74, has been fortified by tho strongest avail- 
able moans in pilo and rabble work. 

The torront which crosses the canal at right anglos to 
its courgo, hag, on tho plan above doscribed, to ontor the 
canal channol through tho sluices of the inlot or work 
which is built parallel 10 tho dam. ‘This inlot consists 
of a masonry platform provided with sluicos, which at all 
periods, oxecpting whon floods are running, aro closed by 
gatos, the canal wator in the latter case being confined to 
its own channel. It will be evident, that were thero in 
the latter cago above noted no means of, escapo for tho 
stream. that comes down tho river, or for the water that 
must to a greater dt less degroo leak through tho inlet, 
this inlet would act as a dam for the retention of tho 
wator, and would be the means of forming an oxtonsive 
inundation on its up-stream or torrent side. The succogs 
with which Mr. Login’s drainage cut bofore described, 
has acted in lowering tho level of spring-wator, has 
onabled mo to provide for the above contingoney of inun- 
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dation by carrying subtorranean channels undorncath the 
canal, so that when tho inlot is closod, and tho canal 
supply is in full vigour, tho wator that is dovived oilhor 
from the dry weather stroam of tho torrent, or from leak- 
age, can pass off and escapo down tho channel of tho 
Butmoo, without any interruptions loading to inunda- 
tions. This system of undor-drainago has been adoptod 
both in the case above mentioned, and in rolioving tho 
revetments from spring-wator: the benofits derived from 
it, therefore, divide thomselvos under two heads. 

ist. The relief of the Rutmoo valloy above tho canal 
works, from the water which would collect in largo quan- 
tities both from canal leakago and from tho running 
stream of the river, 

Qndly. The relief of tho right revotment from tho 
injurious effects of spring drainage at its foot. 

Under the first head, and referring to diagram 74, a 
drain (or double drain, as it consists of two channels of 
7 fect wide each), B' B* B* B‘, wita its head B' on thé 
up-stream side of the valley, passes undor tho canal and 
through the foundations of tho rogulating bridgo. Tho 
escape of the drain at B' is connected’ with a cut which 
carries tho water off to the lowor lovols at a point alto- 
gether free from tho doposits of the torrent, Under tho 
second head, tho letters A' A’ A? A* show tho position 
and direction of a masonry drtin which forms o compo- 
nont part of the revetment; it commences at A', and is 
carried on a rapid slopo along the rear and at tho foot of 
the right revetment to A’; the dra‘n thon passos undor 
the canal and through the bridge foundations, turning to 
the right; it then prococds along the loft revetment from 
A® to A‘, at which latter points it joins tho Rutmoo 
River. The dotail of construction of these drains will bo 
entered into in its proper place ; tho gonoral skotch above 
given will show the advantagos that havo boon tuken of 
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the successful operations in reducing the level of spring- 
water. 

The whole of the masonry works at the Rutmoo, 
with the exception of a portion of the inlot, are founded 
upon blocks undersunk from the lowest levol to which 
the spring-water could bo reduced. Tho maximum 
depth to which these blocks have been sunk below tho 
level of the dam flooring is 20 feet, and the order upon 
which the enginecr worked was to the effect that the 
further sinking. of a block was 40 cease immediately it 
came in contact with a well-marked bed of clay below the 
depth of 12 feet from the canal bed; the depth of 12 feet 
being considered a minimum. 

Tn ontering into a description of the detail and con- 
struction of these extensive works, I shall divide thom 
into four items :— 7 


A. The vevetments on the curve of approach up to the 
dam and inlet flanks, including the bridge of cross-com- 
munication. 

B. The dam with*its flanks. 

O. The inlet with its flanks. 

D. The revetments on the canal channel on the down- 
stream side of the dam and tnlet, meluding the regulating 
bridge and works atlached fo it. 


A. This portion of th8 work consists of two lines of 
revetment varying from 160 to 179 foct in distance from 
each other; the leading, 250 feot in longth, which is in 
continuation of the glignement bearing on the Putiri 
supor-passage, is 160 fect in width, with tho side revet- 
ments parallel to cach other; the lower, 550 feet, with a 
bearing equally direct upon Roorkee, is 179 feet in width, 
with revetments also parallel; the intermediate space is 
oceupied by curves drawn on radii of 661-58 feet and 
589-32 foot, moeting the two alignemonts above described 
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in tangonts, At the tangontial point with tho lower 
alignoment, is a bridge of evoss-communication nexoss 
the channel. The angle formed by tho transition from 
the Puttri to the Roorkco alignomont is, as I havo bofora 
said, equal to 117° 14’ 10”. 

Tho masonry blocks which form the foundations of 
the reyetments and bridge, are (cxcopting in thoxo esos 
where 9 stratum of clay hag beon mot with) sumk to a 
depth of 20 feet. 

On the division of the work which wo aro now do- 


scribing, there are in the 
Leyarn, Barapun 


Right revetment 71 blocks . . ; 20’ x12! 

Left ditto 62 ditto . ; ‘ 20' x 12 
Bays 6 ditto. ‘ s QV x Oh 

Bridge { Piers 2 ditto . ‘ ‘ 25’ x 17 
c {Abutments 2 ditto . . ' 25' x 224. 


The dimensions show the measuromont of tho baso; 
each block, as it will bo seon from tho plans, boing a 
truncated wedge, tho two ends being porpondiculer nnd 
parallel to cach other, tho sidos being inclinod towards 
the top. Hach block rests on a curb or solid framo of 
timber, upon which tho brick-work way rnisod, and 
allowed to indurato proviously to the commencement of 
undersinking oporations. On tho completion of undor- 
sinking, the interior hollows of wells woro filled cithor 
with clay or sand, the latter béing proforred, if availablo ; 
in this state they were allowed to sland for as long a 
period as possible, so as to admit of gottlomont; tho 
wolls wore thon arched over, and tho mags was roady to 
receive the suporstyueturo, This pln of operations 
applics to all tho blocks, cach of which was subjoctod to 
the same process. On the linos of rovetmont the spaco 
left between cach pair of blocks (to provont collision in 
sinking) was equal to from 1} to 23, and that bolwoon 
the larger blocks, ag in the bridgo, was 2 foot, ‘I'his 


CHAP. 1.] DRAINAGE WORKS. 38 


space ig arched, and in some cases has’ been merely 
bricked over previously to tho raising of tho superstruc- 
ture. Both in front and vear it is filled by piling driven 
to a depth of 20 fect, so ag 10 expose as far as possible 
an unbroken face either to tho action of the current in 
front, or to tho thrust of the earth in its rear. 

The revetment walls both on the right and loft, are 
on the samo design; thoy offer a curved font to the 
canal, and are. strengthened by counterforts. On the 
lino connected with the wunder-drainage this wall is still 
farther strengthened by the masonry channels and man- 
holes, which are attached to them. At distances 60 feet 
apart from cach other, and at a height of 104 feot from 
the canal bed, rings, countersunk in the face of the wall, 
and held in position by strong iron rods which pass 
through it, are placed on the whole longth of the revet- 
ment for the convenience of boats and rafis. On tho 
left yevetment, where tho pressure: of the oarth acts in 
thrust on a concave sorfaco, those iron rods are carried 
back to a distance of 20 and 26 feet, and are anchored in 
the soil by jhams (tools used in woll-sinking), which on 
tho tormination of tho block sinking wero no longor 
roquired. Tho plan of this arrangement, which was 
designed for tho purpose of giving additional strength to 
the vevetmont ig shown ‘in Plate XXV. Sheot 5, Figs. 1 
and 2, ‘vom the entrance into tho masonry channol in 
the up-stroam direction, down to tho bridge, the height 
of the revetmonts is 12} feet; bolow the bridgo it is 
1854 fooh: a parapet well 24 foot in height runs along the 
whole. 

The bridge consists of threo bays of 55 foet cach, 
each bay having a masonry flooring, and being 20 feet in 
height from the soffit of the crown of tho arch to the 
flooring beneath it; the design of the olovation is plain, 
and the voadway is 24 feet above the bed of the canal, 
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lights of steps for the convonionce of accoss to tho wator 
from the upper levels, have been built on both sides of 
the canal in immediate contact with, and on both tho 
up and down-stream sides of the bridgo. 

The foundations of the rovolments and flooring of tho 
bridge aro protected by lines of shoot piling, dvivon ab a 
distance of 10 foot from tho foot of tho masonry; tho 
space betweon the piling and tho masonry is filled with 
bolders ox xivor-stono to a dopth of 5 foot; and tho 
whole is covered by sleopers or rafters of wood, for the 
purpose of retaining tho material in position, Advantago 
hag been taken of the peculiar construction of tho founda- 
tions, and their consisting of separate masses, to add still 
further to tho strongthoning of this apron work by keying 
the front piling to the rear of the blocks by woodwork as 
shown in Figs. 1 and 2, Plato XXV. Sheet No. 5. 

By roferring to tho position in which theso curved 
lines of revetment are built, and by considering the nature 
of the soil, and tho state of the springs in tho Imid 
through which the oxcavation was carried (vide dingram 
166), it will bo understood that tho canal chumol which 
rune transversely to the divection of the spring current 
has‘its right revotment opposed to it in all its achivily, 
whilst tho loft, which is cut off by tho intervention of the 
channel, is in a great measure feliovod from its influcnco. 
It was for the purpose of romodying this defoct, that tho 
masonry dvain, tho direction of which is shown by tho 
dotted linog and lotlers A' A? A? and A}, in dingram 74, 
was designed. This drain, which im 2} feet in width, com- 
meneos ab tho pont marked A’, is carried on a rapid slopo 
along the foot and at iho rou of the right revetment, 
until it meots the bridge at the letter A; tho drain thon 
passes under the bridgo floorings to tho opposito side of 
the canal, ond at the letter A’ turns to tho right, pursuing 
its courso along tho foot of the loft revetmont, and osenp- 


rs 


owap. 1] “DRAINAGE WORKS. 85 


ing at the point marked A* into tho bed of the Rutmoo, 
by an open sluico connected with the tail Moorings of tho 
dam. The section of this drain is sufficiont for tho pur- 
poses of silt clearance, and at every 60 fect in length, ov 
intermediately between cach counterfort, a woll oy man- 
hole is constructed from the upper lovels, and continued 
perpendicularly through tho arch of the channal, not only 
for facilitating the clearanco out of the channel itself, but 
for affording frco ventilation. On the passage of the 
drain channel under the bridgo, similar cylindors or man- 
holes are carricd vertically through the piers and abut- 
ments, and ave provided with lateral ventilation, tho upper 
orifice being closed by a stone slab, for the purpose of 
completing the bridge roadway. The great object of 
this drain is to relieve tho right revetmont from the 
action of the springs—of that cspocially which’ exorts a 
downward pressure upon the masonry, and which on 
the mountain, or right side of the canal, is more con- 
Spicnous than elsowhoro. Although tho plan and soction 
of thig drain, as connected with tho revotments, aro 
dvawn in Plato XXV. of the Atlas, it will bo convoniont, 
for the purposes of oxplanation to introduco them in 
diagram. 


Diagram 80, 








EVE EMER T Li 








KY 





“uv # avo slits through the arch and wall of tho foot 
channel or drain A, as in section. Those slits aro not 
more than } or $ an inch in width, and thoy aro covered 
in the roar with pioces of broken brick and loose rubble, 
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through which the spring-wator can frocly porcolate, and 
ot the same time offer as great an impediment ns possible 
to the admission of silt; tho roar of the wall is thon filled 
in to the hoight of the osplanade with soil. By any per- 
son acquainted with agricultural drainage, as it is practised 
in many English counties, the dosign will bo recognizod 
as a mere modification of the rudost specios of nndor 
drain channel, where aftor oxcavating a ditch, tho lowor 
part of it is filled with broken stone in angular fragments, 
over which the earth is thrown; tho under-drainago boing 
effected by percolation through the stony stratum. I 
presume that, after a time, this spocies of drainago 
becomes interrupted by deposits of impervious mattor, 
which by occupying the open spaces botweon tho angular 
masses, checks and ultimately stops tho passago of 
water, and that tho only remedy is a poriodical rolicf 
by either cleaning or renewing the fragments,—an 
operation, in the case of land drainago, I should 
imagine, leading to great troublo* and exponse; but in 
that of the Rutmoo revetmonts, of comparatively minor 
importanco, from the modified form in which it has boon 
practised. 

tn laying out tho line of drain undornenth tho bridgo, 
or that part of it which lies betweon A* and A’, ib was 
found necessary to deviato from the direct alignomont on 
which it was originally designed. Tho chango from a direct 
to a tortuous course is by no means an improvomont, 
either to the free passage of the va) or to facilitating 
clearance from silt. 

In conelusion, I may observa dad judging from tho 
perpotual discharge of water from tho osenpo opening at 
A‘, and the constant gurgling of running wator, ag hoard 
through the man-holog on tho wholo longth of tho rovot- 
ments to which tho channel is attached, tho drain is 
acting very efficiently, 
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B. This includes tho dam proper, or the work for 
relieving the canal channel during the rains from the 
torrent, which gains admission through the inlet; it also 
acts at other periods of the year as a regulator to the 
canal supply. 

The work under the division to which I have confined 
myself in the present detail, consists of a platform carried 
across the bed of the Rutmoo River, protected on each 
flank by revetments, which ave in continuation of those 
described under the head of A. 

This work is built upon blocks of the same pattem 
as those before described, viz., truncated wedges, whose 
ends are parallel, and whose sides slope inward to the 
top :— 


Area of base, 
The platform rests upon 25 blocks 30' x 80! 
ifacetosas dake wi 20418 aon 
p-stream right wing 2 4, — j— x 126 
8-4! 4-78" 
, n Ike&, » 4 y 184478 | I2B8' 


2 
Down-stream right wing 2, 19' x 12" 
loh 4, 2 4, 19'x 12" 


” 


Their construction will be understood by reforenco to the 
Atlas; tho details in adapting them to the superstructure 
ave oxactly, the same ag those before described for the 
yovetmonts. It will bo obgorved, howover, that additional 
width of platform, both to tho front and roar, has been 
obtained by corbols and projections, so as to increase tho 
width from 24 to 27 feet, tho detail of which is given in 
the plan. ‘ 

Tho superstructure of the up-stream wings and flanks 
of the dam corrosponds with that of the revetmonts, of 
which thoy aro in continuation; thoy are raised 15 foot 
above the flooring of the dam, indopondontly of the 
parapets. The flanks are piorced by a passage con- 


structed in the form of an inclined plane, on a slope of 1 in 
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5, which gives the means of approach to tho dam from 
tho esplanade lovels. The down-stream ox tail wings sro 
builé with an inclination towards tho axis of tho bed of 
tho river, Their superstructure, which is 6 feotin hoight 
from the flooring of tho dam, is connected with tho 
flanks and the esplanade level by 2 sorios of stops. 

Tho dam itself consists of 47 sluicos of LO fect in 
width, with their sills flush with the canal bed, separated 
by piors of 8} feet. Tho above aro flanked on cach sido 
by five sluices of tho same width, but having their sills 
raised to a hoight of 6 feet, with intermediate piers of the 
game dimensions as those in the centro sluices. On tho 
oxtreme flanks aro platforms raised to a height of 10 fect 
above the canal bed, and corresponding in height with 
the rest of the piers. Those elevated platforms, which are 
17 feet in longth, are connected with tho revetment 
esplanade by the inclined planes which I have before 
described a8 carried through the flanks of the dam. 

The amount of watorway, “thoroforo, through the 
sluices, up to a height of 6 fect, is equal to 470 foot in 
width ; to a height of from 6 to 10 feet, it is incroagod Lo 
570 feet, and when flood wator rises abovo that height, 
the water passes over the full oxpango of tho magoury, 
which is equal in width to 800 frot. 

For the ten sluices on tho flanks, the closing nnd 
opening will be left cntirely to slocpor planks for which 
grooves avo fitted to the piers. For the centro openings 
a form of double sluice-gato has been adopted, the plan 
of which will be understood by reference to Plate XXY, 
of tho Atlus. A gate of 5 feot in height, moveablo on 
lower side pivots, is placed on the rear of the sluico opening 3 
this gate drops forward and towards the canal stream, and 
when it rests on the flooring, is held in position by n bolt 
worked from the top of tho picr; by removing tho bolt, 
the gato is relieved from its prostrato position, and is 
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raised so as to admit of water to a depth of 5 foet passing 
down tho canal, In front of this small gato is a 
large one, equal in height to tho pior itself, moving 
also on lower sido pivots, and capablo only of falling to 
the rear, 

The working of these double gatos is as follows :— 
When the canal is full, the rear gate is hold down on tho 
floorings in tho prostrate position above mentioned, by 
tho bolt, and the large gate in the front is maintained ina 
vertical position go as to retain the canalsupply. On tho 
oceurronce of a flood, these large gates are relieved, and 
aro pormitted to fall upon the flooring, theroby giving an 
open and uninterrupted passage for tho water, 

The floods having passed, the rear small gato is 
relieved by pulling up the bolt, and the gate is raised 
partly by its own specific gravity when it comes in 
contact with the canal, and partly by manual labour; and 
on its attaining a vertical position it is kept so by the 
fiont pressure of the Water, Tho hoight of this gato boing 
5 feet, an immediate supply can bo admitted into the 
canal oqual to that oxtont; in the meantime the appa- 
ratus for raising tho front gatos is put in requisition, and 
this is considorably aided by tho back-water standing on 
tho rear gates. Tho closing of tho largor or front gates 
admits of tho full supply boing passed | down tho canal, 
Tho small or rear gates ave thon dropped, restored to 
and fixed in their recumbent position by the aforesaid 
bolts. When the canal is in full supply, thorefore, tho 
sinaller gato is out of tse; its main object being to expedite 
tho admission of water to a cerlain extent into the canal, 
during tho operation of raising the large gates. 

Tho design is an ingonious one, and is duo to Mr, 
Login, although its details have been worked out to 
completion by Captain Goodwyn, to whom the invention 
of the bolt for holding down tho rear gate is duo. Tho 
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schemo has been experimented upon, and the only 
difficulty that offered itself was, in maintaining tho small 
gate in a recumbent position, which its want of weight 
prevonted when immorsod in water. Caplain Goodwyn’s 
bolt appears to romedy this inconvenicnco, but it will 
requive a good deal of practice before the working of tho 
apparatus is satisfactorily developed, ospecially that part 
of it which is connected with the largo gate, tho woight of 
which is considerable. he details of tho apparatus for 
raising the gates and koeping them in position aro fully 
represented in Plate XXYV. of tho Atlas. 

It must be understood that tho mountain torrents with 
which the works are connocted, carry in their waters 
material of all sorts, collected in their passago through 
extensive regions of forest, Trees of tho largout size, 
root and branch, are frequently thrown down, and cauricd 
with an overwhelming velocity along the course of tho 
river, Gass, branches, and hewn timbor, loft in tho 
forests aftor the carting scason ig-pissed, aro swopt away, 
and gathored in heaps on any obstruction that offors itself 
to the opposing current. Tho offect of tho onward 
progress of this collected mass is to carry away tho objoct 
that causes the obstruction with it; and to any work liko 
a dam with susponded solf-regulating gatos, or with 
attached and projecting apparatus it would bo fatal. ‘The 
great object, therefore, with works of the sort which 
Tam now describing, is to adapt tho sluice-gatos in such 
a way to tho openings, that thoy may be instantly 
removed, and salf-placed in such a position that thoy may 
offer no impediment whatoyer to the eurront. Tho gatos 
which I have described, fall, it will bo obsorved, npon tho 
floorings, and the flood passes over them. Tho wholo 
work is, in fact, on the falling of tho gates, loft perfectly 
naked, without any further obstruction to the passago of 
the water than that offered by the piors, 
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The protective arrangements for covering the foot of 
the revetments, which I have before described, aro con- 
tinued round the up-stream flanks of the dam, along the 
faco of which is a similar lino of apron, formed by piling. 
and box-work filled with bolders, the whole mass being 
strongly held together by slecpers. Tho apron which 
has ,been thus described has a slope inwards towards 
the canal of 14 feet, and it is intended to act not 
only as a bar to tho interference of the water with the 
foundations, but to protect the wall from the effects of 
the current as it sweeps along at its foot. 

On the down-stream side of the dam, a platform of 
box-work, filled with river-stone, extends to a width of 
48} feet from the masonry flooring ; this is held in posi- 
tion by double lines of 20-fect piling, strongly clamped 
together by sleepers fastoncd on to the upper surface, the 
slope of which is 2} feet on an incline down stream. To 
tho whole of these protective works the greatest attention 
lias been paid, and as*far as I can judgo from having seen 
them both in progross, and after completion, they appoar 
to bo oxcollont. ‘The flanks of the tail avo protected by 
open pile-woxk driven in prolongation of the down-stroam 
flank walls. * 


C. Embraces the thict or platform which is built 
across the channel of the *Rutmoo, parallel and opposite 
to tho dam, for the purpose of receiving the floods into the 
canal, as well as for retaining the canal supply in its own 
channel; to this is sadded flanking defences similar in 
many respects to thoso attached to the dam. 

The work is, with the exception of tho greater portion 
of tho inlet itself, founded upon blocks of the same 
pattern as beforo. They come under the following deno- 
mination :— 
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; ‘ son to plai 
Platform of inlets . . 8 blocka 80'x 19" { am ale uaa, plain 
Up-nstveam, right wing . 8 23! x 12! 
eo acide tT (ame elie as 
a left wing . 38 y 23/ x 12! 
1 17’ «12! 


nn n * ” 

Down-stream, rightwing 2 
Ata Te! 

4 on 14 +78 1286 


20 ET 19-6! 
3 
”» ” 


Their construction will be understood by referring to tho 
Atlas; and the subordinate work necossary for tho rocep- 
tion of the superstructure is in overy way similar to that 
before doscribed. 

Tho inlet is, with tho oxccption of one block on tho 
left, and two on tho right flank, occupying a space of 
94 foot in Jongth, built on rmming linos of foundation 
wall, laid to a depth of 10 fect, or to tho extreme dopth. 
to which the spring-wator could bo vedueed. This wag 
a very satisfactory result of tho drainage oporations ; it lod 
to great saving of exponse, and to*a moro ofliciont fou. 
dation; the running lino of curtain wall being froo from 
the intersticos which aro an inoviteble consoquonco of 
using blocks, and which, by loading to lonkago, aro ovils 
of no inconsiderable importanco. This 10 foot foundation 
which is in the form of two parallol walls 3 foot thick, 
and situated 18 fect apart, with cross walls of 8 foot in 
width at cach 28 feot of its longth, rosis upon clay. It 
will bo understood that the fact of thoro having boon 
threo blocks sunk was perfoctly accidental: theso blocks 
would not have been introducedchad Mr. Login been 
aware that he could obtain so greata depth as 10 foot by 
a reduetion of tho spring lovel. 

_ The suporsiructuro of tho down-stream wings, or 
those on the canal sido, correspond with tho revetmonts 
of which they are a continuation ; their hoight is 15 foot— 
equal to that of tho walls attached to the dam. Tho 
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flanks of the inlet ave also similar, having inclined planes 
on a slope of 1 in 5 for giving access to the inlet plat- 
form from the highor levels of the esplanade. The 
up-stream wings, or those which flank the torrent on its. 
approach to the works, are placed in an obliquo position, 
inclining outwards from the axis of the river; they are 
91 foot in length, and raigod to a height corresponding 
with that of the revetments. On the right, the wing is 
pierced by two dyain-heads, cach of whick is 7 feet in 
width, and 5} feet in height, measuring from their floor 
to the soffit of tho keystono, ‘The sill or flooring of 
those drains is on a lovel with that of the inlet. To 
these drain-heads, which are connected with the under- 
channels for relicving the country from inundation, drop- 
gates, and tho necessary apparatus for opening and 
shutting them, are attached: this appar atus, in tho 
shapo of windlasses, bitt-heads, &c., is in tho rear of 
tho revotment wall, and secured by its position from 
accident. 

Tho inlot consists of twenty-nine contre openings of 
10 foot in width oach, with their sills raised 2 foot abovo 
the canal bed; on cach flank of those contro oponings 
aro fourtoon of similar width, tho sills of which aro raised 
G6 fect above the same level ; the extreme flanks aro ter- 
minated by a platform 17 foot in length, which is raisod 
10 foot above tho bod of tho canal, or equal in elevation 
to the piers, This flank platform is connected with the 
upper esplanade lovels by an inclined plane as before 
doscribed. The thiclmess of the piors is, as in the case 
of those of the dam, 3} feat; thoy are fitted with vertical 
grooves for the admission of sleeper planks, bitt-heads, 
and the necessary apparatus required for the movement 
of the gates. The tops of the piers have countersunk 
rosts cut into them, in which planks aro laid from pier to 
pier, so as to form a line of communication across the 
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sluice openings: theso are in ovory rospect similar to 
those in the dam. 

The centre sluices have gatos moving on lowor sido 
pivots, which fall down-stroam to tho torront ; thoy are 
8’ 8” in height, and constructed agvooably to the detail 
shown in the plan. It is supposed that tho prossure of 
wator running in tho canal will, with cortain aid from tho 
bitt-heads, hold theso gates in position; loakago boing 
prevented by tho usual simplo means adoptod by tho 
native establishment, of applying grass, wisps of straw, 
&c. .Counter~pressure superior to that on tho canal side 
would necessarily forco the gatos open; and as flood- 
water would givo this increased countor-prossure, it would 
act of its own accord in relieving the sluiccs from the 
obstruction caused by tho gates. This spocics of gate, 
appliod ds it is to tho Rutmoo inlot, acts as a solf-rogulator, 
and will, I doubt not, be found to bo efficiont. The 
twenty-eight side openings or ovoerfalls have no gatos; 
they will be regulated by four jslanks of 12 inches in 
depth each, on the samo plan as is practised on tho 
Jumna Canal Works. These planks aro raisod at tho 
ends by hooks run through an ivon slap, which forms a 
loop at each oxtremity. Zi will be obgorved, that nono of 
the sleeper apparatus is roquir od until tho dopth of wator 
in the canal excecds 6 foot, 

Before closing the account of the dam and inlot, which 
ara tho leading featuros of the works on the Rutmoo 
River, I must draw attention to the longitudinal prolilo ag 
given in diagram 8, fig, 8. By thas it will bo scon that 
tho effective slope of the torront at tho point where it ig 
intersected by tho canal, is equal to 8:23 foot por milo, or 
1:87 inches per 100 foet in length. Now, looking trang- 
versely to the line passing through tho inlol, canal 
channel, end dam, wo find that tho length oceupiod by 
those works is oqual 10 804°5 foot, or that tho longitudinal 
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axis of the inlet is at a distance of 804'5 feet from that 
of the outlet. ‘With a slope, thereforo, of 8-23 feet in 
the mile, the sill of the inlot ought, that it may cor- 
respond with the slope of the bed of the river, to bo 
1°87” x 80465, or 5°69 inches above that of tho outlot. 
There is an advantago, however, in maintaining the sill 
of the inlet at a moderate height, as it cnables us to 
reduce the extent of sluice aren, and by so doing to give 
us groatoyr facilities for adapting the means of oponing 
and shutting the gates. An incroased velocity of current 
at this particular point, 80 as to expedite the passage of 
silt and alluvial matter through the canal channel, may 
possibly bo an advantage. At any rato, but chicfly with 
reference to the effective slope above mentioned, and to 
the desire of reducing tho height of the sluice openings, 
the sills of the inlet are raised 24 inches above the 
horizontal level; that of the dam being flush with the 
above lovel, with the exception of a masonry step of ten 
irtchos which the piers*for the gate require. Iam by no 
means cortain that it may not be found advisable here- 
after to raise the sills of the dam, by which two advan- 
tagos will be gainod ; first, a reduction to the dimonsions 
of gate nocessary for opening and shutting the sluico; 
secondly, a, fixed channel to a depth cqual in amount to 
that of tho sill lovel, in which a supply of water will pass 
down the canal irrespective of sluices. At the Dhunowri 
works, howevor, wo have to observe tho effects arising 
from two largo volumes of water meeting at right angles 
in the contre of thesconfined area lying betweon the 
flanks of the dams; that from tho torrent passing with a 
velocity due to a slope of 8°23 fect per mile; that from 
tho canal channel, which will includo the drainage from all 
the inlots below the Myapoor regulating bridge (relieved 
only by tho Kunkhul cseape, and that attached to the 
Bahadoorabad mill channel), running with a velocity due 
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merely to 14 fect. I may obsorve, that tho anticipated 
consequences may be a retention on high levels of that 
volume which flows with tho least volocity; in othor 
words, that tho rapidly rmning torrent which crosses the 
canal channel will retain in a measure the body of water 
that comes down tho canal; that this lattor will find a 
vent, with considorable action on tho works round tho 
left ov north flank of the dam, with  proportionato 
regurgitation in the area lying on the opposito sido of 
the canal channel, and under the loft or north rovefmonts 
of the inlet. It is impossible to say to what oxtont this 
action of the water may lead to tho dcposition of pilt 
but in anticipating the action as cortain in a groator or 
less degreo, I havo strongthened in ovory ronsonablo way 
the foundations of tho “works ub the particular points 
referred to, and I have raised the flank rovetments to 
such o height, that I believe they may bo looked wpon as 
secure from any contingency of accidont arising from ae 
meeting of the tio streams. t 

The whole of the works attached to tho inlot, and 
which I havo doseribed undor tho division C, are pro- 
tected by aprons, consisting of piles drivon 20 foot deop, 
in close lines, at distances (as reprosonted in tho plu) 
from the foot of the walls of tho vovetmont, and in 
advance of the front and ron of the inlet; tho inter- 
mediate space being filled “with box-work snd. viver- 
stone, covered with slecpors well clamped down to 
the piling. Tho aprons on all occasions slopo owt 
wards from tho work to a parpondicular depth of 
18 inchos. The terminations of tho wingy on the up- 
stream sido towards tho torreut aro woll protocted by 
open piling, connoctod by transverse tics or tranyoms. 


D. Under this letter wo arrive at tho regulating 
bridge; its connection with tho dum and inlet; and 
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the uses made of its foundations for the purposes of 
under-drainage. 

The whole of these works aro founded on blocks, 
which come under the following denomination :— 


Axen of base, 





Regulating bridge 9 blocks, 82’ x 22/ 
” ” . » 2 4, 82/x lie 
Up-stveam right revetment 4 ,,  18/x 12! 
A Itt yw (18 KID 
a / 
Down-stream right ,, 2 28 — 2 x13:6" 
28! 4-152! 
» be y 6 2 4 = ise 


‘The method of adjusting the substructure with reference 
to these blocks has been before described. 

The superstructure of the up-stream revetmenis, 
which ave the connecting walls between the flanks of 
the dam and jnlot and the up-stroam side of fhe rogu- 
lator, is similar to that on the down-stroam side of the 
bridge of cross communication, which lies on the left of 
the Rutmoo River; is corresponds both in height and 
dimensions. On the down-stream side of the regulating 
bridgo, the sides of tho canal channel aro protected by 
swooping lines pf masonry wall, enclosing flights of steps 
or ghats, which give access to the canal water from tho 
borm. Tho height of those walls is cqual to 12 fect; 
thoy aro in‘ connection with tho bridge, and tho sweep, 
which is in immediate colltact, is combined with a flight 
of stops, affor ding the means of approach from the levols 
of the berm to the channel for under-drainage. 

With exception ta the width of roadway, which, in 
the present case, is only 22 feet, the regulating bridge 
is procisely the same both in extent of waterway (viz., 
10 bays of 20 foot in width cach), and in apparatus for 
opening and closing, as that of the Myapoor regulator ; 
a, description, therefore, of these details becomes unne- 
cessary. Tho bridge wings, however, are adapted to the 
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local vequirements of the work: on the uppor side they 
axe of tho usual dimensions; on tho lowor, thoy ara 
somewhat extended in length, to moct an increased 
width of embankment as woll as a ramp, which runs 
in continuation of tho towing-path from tho Solani 
aqueduct. Plato XXYV. of the Atlas exhibils this in 
its fullest detail. 

Under the head of C, and whon describing tho right 
up-stream wing revotmont, I drew attontion to the drain 
heads which are picrecd through that part of the work, 
and to the regulating arrangomonts in tho shapo of 
shutters, &¢., that were connected with it.  Thoso 
dvain-heads are the oponings for tho admission of the 
Rutmoo stream, and for any wator that may escapa 
through the inlet during tho dry weathor; thoy aro, in 
fact, tho openings by which it is hoped. that wo shall 
escape from inundation on that sido of tho torront 
which is above tho works. Tho heads which I havo 
before described, as 7 foot in width each, with a height 
from tho floor to the soffit of 64 foot, aro connoctod with 
ached passages, which leave the rovotmont at right 
angles to its face. Thosc passages aro soparated by a 
pier 4 fect in width, and thoy doscond on # rapid slope 
of 9 foes in a length of 12086 feet to » flooring, 
situated, at tho point of contact with tho abutment, 
at a depth of 7 foot below the level of, tho canal bod, 
From this point the flooring is carriod under that of 
the bridge on a horizontal level, until it torminatos in 
the excavated channel, tho widtlr of which is 20 feol, 
with a slope of 3-44 feet per mile. These parsugos 
meet the bridge olignemont by a eurvo tangential to 
the angle of approach; they leave tho bridge «on a 
similar curvo after passing under the canal channol, and 
continuo on a tangential line to a distance of 159 foot, 
in which space tho canal ombankmonty lying ou tho loft, 
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are passed: they then open out into the channel exca- 
vated for the purpose of carrying off the water. 

These under-drains are approached both on the up 
and down-stream sides of the bridge, by passages built 
in connection with the revetmonts, access to the channels 
themselves being gained by flights of steps. Man-holes 
or cylindrical wells of two feet in diameter, aro carried 
perpendicularly through the piors and abutments, the tops 
of which are on the bridge roadway, being covered by 
stone slabs; whilst side openings give the moans of 
ventilation. To cach pier and abutment two of these 
holes are given; and it is supposed that they, together 
with the flank passages, will provide sufficient means for 
clearing the channels from deposits. 

Tho plan for using these channels ought to be as 
follows :—During floods their heads would be* entirely 
closed, the shutters would be down, and no access to the 
flood water would be permitted. It is only at poriods 
whion tho Rutmoo is not in flood, that these drains would 
be brought into use; during this period, the shutters 
would be raised, and tho mouths of the channels would be 
kept freo and open. The working parties of Beldars 
attached to the regulator, would do all in their power to 
conduct the stream of tho river, (which during the dry 
scason is moderate), as well as water coming from the 
works, to the qqunouths of the drain; rubbish in the 
shapo of branches and trees, ought to’bo prevented from 
approaching tho drain head, and it might be necessary as 
a greater preventive toyits admission, to guard the open- 
ings by iron gratings. 

It is indispensable that during floods tho drains should 
be thrown out of use, otherwise, should no worse accident 
happon, they will inevitably be choked up. Whethor it 
may bo convenicnt at any lime to attempt a scour, by 

vou. I. E 
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forcing a current of considorablo volumo through thoso 
drains for the purpose of cleansing, may bo left for after 
consideration ; that they will require poriodical cloarances, 
is cortain from tho disposition of the slopes of the flooring, 
but it is hoped that whether by tho moans of accoss now 
given for the object of cloaranca, or whether by occasional 
scours of wator passed off from tho canal, theso channels 
‘will be found capable of performing tho dutics for which 
they have boon designed. Lf uecd hardly advort to the 
extraordinary valuc that tho efficient maintonanco of these 
channels as free water-passages possesses for boncfiting 
the works at this particular point, and the influence that 
it will have on the salubrity of the neighbouring country. 
I havo no hesitation in recording my opinion hero, that 
the success which attonded Mr. Login’s measures for 
drainnge on these works, and which enabled mo to 
carry out the design for the undor channels which T 
have above described, is amongst all tho extonsive 
and difficult operations which dave characterized the 
execution of the Khadiry Works, that ono of all othors 
which hag given mo tho greatest satisfietion, and 
which hag reliovod me from ono of tho greatest difii- 
culties. 

Having thus deseribed tho wholo of tho works at 
tho Rutmoo River, in a way which with tho plang, 
hope, will be sufficiontly clear, I will ypw givo as con- 
ciso an account as possible of tho cost, material used in 
the construction, and tho rates ag charged by the oxocutive 
engineer. ¢ 

TI have before mentioned that tho ground both with 
veforence to the works themselves, and to the briek feldy 
in the ncighbourhood, was cntively laid out by Mr. Login, 
to whom, as having to superiutond the construction, freo 
liberty was given to adapt them to his own convonionee ; 
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the ground plan is shown in diagram 75. The. brick- 
making was under Mr, Finn, the Executive Officer of the 
material department. 

The sizes of brick used wore 12”x6”x92”, and 
9” x4""x3", the formor being bumed in the English, 
and tho lattor in the native kilns: tho latter I have 
before said were made in one of Hall’s brick-making 
machines, 

The whole of the Rutmoo works aro built with brick, 
with the excoption of tho massive parts of tho founda- 
tions, in which bolders brought from tho passes in tho 
Sewaliks are used. Tho heavy material placed in con- 
junction with the piling and box-work, for the protection 
of the works, was of river stone. The lime was of the 
best description, and similar to that uscd invariably in 
the Khadir works, made from limo rock cither bumt in 
the Deyra valley, or from limo holders collected in tho 
bed of tho Ganges. 

The proportions ofsmatorial used in coment were as 
follow :— 


1 Stone Lime. 


Mortar . , "4 8 42 Soorkki, 
Inlet and Dam Piers : en ee 

Plaster . { 3 Stone I ime. 
AL th vest of the Work 12 peel 


’ 


The whole being finished off with a colour of 7 parts of Stono 
Lime to 1 of Soorki. 


The total amount of matorial is shown in the following 
table, to which is appondod the rates of tho differont 
specios of worl which has beon executed :— 


Cubic Feet, 
Total Content of Masonry . i: ‘ » 1496463 


na 
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Marteniais Exrrnpep. 


Bricks, 12” x 6" x2)” . , » 12,184,613 

» English Machine. 813,852 
Bolders . . : - . 126,125 maunds. 
Thama A . y 26,964 cubic fect. 
Stone Lime. 7 . . F 208,981 4, 
Soorkes . 7 ‘ . 897,006 4, 4 

Rs. Aw Po 

Plain Masonry 16 18 0 per 100 cubic feet. 
Brick on Edge Masonty 20 9 6 ey eee 
Arch Masomry . 19 6 0 ” 
Plastering . . . 2 8 T per 100 aqquaa foot. 


The grooves throughout the works af tho Rutmoo, have 
been protected by slips of stone, and in all cases where 
the working of the gate or sleeper apparatus was likely to 
injure the masonry, stone has heen used: the matorial 
is brought from the quaxrios in the Agra district, and is 
altogether of a superior description to the Sewalik vock. 
fn conclusion I may observe that the whole of tho brick- 
work is stuccood on its external surfaco with o’ thin layor 
of lime cement, 

Previously to the rains of 1852, it was considorod 
desirable to commence oporations on tho rivor, in pro- 
gress towards its change of course upon the works. Jor 
this purpose three cuts roprosented in diagram 81, wore 
made in prolongation and parallel to the axis of tho 
works across a bend in tho river, 

The effects after the rains of 1852 aro shown on tho 
face of the diagram. Tho srrangoments wore woll 
matured, and so far as tho straightoning of the course 
of the rivor was attempted, thoy wore successful. In 
1858, and in propavation for tho floods of that yonr, the 
masonry works boing sufficiently advanced to admit of 
waier being passed over them, tho throa cuts above 
alluded to, were prolonged to the inlot, or in tho 
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diagram from B to CO. At the early part of the season, 
there was some difficulty experienced in persuading the 
flood water to leave its old channel, and to follow the 
direct course which was opened out for it, This partly 


Diagram 81, 
Showing how tha arrangements made prior to the Raing of 1852 affected the couras of the 
RUTMOO RIVER. 


8 Att wp tye, tyes 


Senle, 2,400 Feet to Ons Inch, 








“PRY JO orm Juoype uoyoes 


De Tne to dirt ronuer Bed, if Kansvad Hao Te Gant of Wore, nt? BR 
arose from the ingufficionoy of waterway at the heads of 
the newly excavated cuts at B, and partly from tho 
natural tendency that the slopes of the bed gave the 
current towards its old direction. By opening out of the 
heads of these cuts, however, and by a judicious applica- 
tion of bunds and spurs, the river was ultimately con- 
ducted over the magonry works, and placed in the new 
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line upon which it will horeaftor run. Ti has boon befora 
explained, thal for the maintenance of the torrent in ils 
dixecl course upon the works, as well as for othor pur- 
poses in connection with deposits, and the improvement 
of tho low land lying above tho inlot, I proposed the 
application of parallel lines of bund or ombankmont across 
the valley, situated at right angles to tho torrent itself, 


Diagram 82, 





« L, Bund 1852, 2. Old bed of Aunsiao, Gt Now led of Hanarno 


and coustwucted on the game dosign ag that which had 
been adopted for similar purposes in the valley of tho 
Putiri. By combining with tho temporary bund work 
necessary for the tuning of tho courgo of the rivor, the, 
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ends of two of the permanent parallel embankments 
which were part of the original design, the operations 
appear to have beet carried on very successfully ; and I 
cannot do better, when stating the success that attended 
upon these operations, than give the engincer’s own 
account of his progress, 

The above diagram shows the state of the bed of the 
river in the month of July, 1858, at a period when the 
most active measures were being undortaken for turning 
the course of the river over tho works. At the points 
BCD there is high ground situated in the centre of the 
bed of the river} at the highest point D, Mr. Login 
ostablished the end of one of the permanent embankments, 
similar to that at the Puttvi, and in shape and dimensions 
as follows :— 


Diagram 838. 


Pan. 





The triangular superstructure being made of kurries or 
raftors, 15 foot in longth, of which species of matorial 
the piling and necossary protection were also made. The 
exposed or saliont ond X, diagram 88, was lofi as open 
frame-work for tho water to break upon, and the rest was 
filled with vitrified brick, and massos of overburnt 
material brought from tho brick-fields. By the abovo 
arrangement, tho current was’forced round tho liead of 
the spur D, and by meeting an impediment of the same 
sort at B was urged into tho head of the ents which 
had boon widened out 10 recoivo it. Mr. Login, in 
degeribing his disappointment in the failure of a spur, 


a 
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which was thrown out in tho early part of tho rains of 
1853 at the point a, diagram 82, observes that “ it struck 
me that were I to use screw piles, and to tio branches 
of trees and jungle to their hoads (sce diagram 84), 
leaving the material to swing frecly at a distamco of 25 feet 
or theroabouts on their down-stroam side (by which tho 
piles would be protected from cutting immediately in their 
neighbourhood), I might get the river to silt up, and form 
a bank at the spot in question. For this purpose I pro- 
cured some of the iron chains used in block sinking, 


Dingram 84. 


Bank of River 






fiver 


i enenenien AS 


and fastened a quantity of jungle in the way above 
mentioned, to the pile heads, Thére were only two piles 
available, 12 foot in length each, with screws 7 inches in 
diamoter ; those were scréwed down into the bed of the 
rivor, with thoir uppor xing well below the surfaco; to 
theso the material was chained. A fow nights afterwards 
a small flood came down the rivor, and to my groak 
astonishment when I visited the spot the morning afler- 
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wards, I found that on cach side of the piles, sand equal 
in length to 800 feet on a breadth of 50, had deposited 
itself in the form of a bank, nearly concealing from sight 
the whole of the jungle which had been attached to the 
pile heads. Scoing this,” Mr. Login goes on to say, “I 
immediately had a number of the serew piles mado, and 
instead of fixing the jungle by long detached chains, [ 
have put the piles in the following position, passing the 
chain through the rings at their heads, and securing the 
jungle by rope.” 

The object of substituting rope for chain was economy 
in saving the latter, which became so deeply buried in 
sand that it was irrecoverable. It was imagined that, 
by additional layers of brushwood after each flood, the 
sand-bank might be raised to a height above the reach 
of floods, and by these means form a defensive work of 
much greator stability than that given by nature her- 
solf out of pure sand: this is shown by the following 
dingvam:— . ° 







> Diagram 86. 
Secant Deposit. .- 2. 222 wnnenn- 
WS N 
That Doposit ------.--- SAS 
Boul of Riv HAE: Sips Zs La 


‘* By degreos,” Mr. Login says, ‘I hope to have the 
bed raised to the héight of tho natural bank which 
borders the river, and by extending the use of the 
screw-piles, to give tho river such an inclination to tha 
direct alignement upon the dam works, that thero may 
bo no deviation from it hereafter.” 

Tho adaptation of tho serew-pile (Mitchell's) to the 
particular purpose to which ib had in this case beon 


58 DRAINAGE WORKS. {PART TI. 


applied, is most undoubtedly a groat accossory to our 
river works; it is, in fact, using tho pilo for mooring: 
purposes, for which it appears to me to bo tho most 
appropriate. 


IL. The works in the Ganges Khadir for the admission of 
country drainage. 


Tt will be understood from what has been writton 
in provious chapters, that tho canal, after it roaches tho 
high land at Roorkee, proceeds on a course keeping as 
closely as possible to the summit levels of the country. 
Whether on its main trunk or on ils branchos, tho 
direction pursucs an tniform cow'se betwoen two rivers, 
by the watershed of which it is entirely guided. Tho 
position of the canal channel is on the summit of « ridge, 
which separates the drainage of its two boundary rivers, 
above whose beds it is more or less elovated, Tho beds 
of the boundary rivers aro naturally, as thoy ought to ho 

” artificially, the receptaclos for flood drainago, and it hag 
been # leading principle, throughout the wholo dosign, to 
protect tho canal channel as much as possible from tho 
inlot of country water, and to throw the drainage away 
from the works, rather than to givo it any ongouragomont 
to approach noar them. In ,all casos where tho irro- 
gularity of surface drainage, and the tortuous cowso of 
the natural watershed, havo beon intorsectod by the 
straight alignement of the canal, measures have cithor 
been taken or are to be taken fot the effective relicf of 
the flood water by cuts made into its neighbouring rivor, 
In no case ought this rule, in my opinion, to bo doviuted 
from ; the beds of tho natural rivers ought to be considerod 
as the true oscapes, and the canal channel onght to be 
confined to its own ospecial duties. My views of tho 
equilibrium that will bo maintained in the surfaces water 
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by the connection of the main canal and its branches 
with the subordinate Imes of rajbuha, have beon fully 
entered into in the chapter describing the rajbuhas, and 
their double objects of irrigation and safoty valve. It is 
sufficient to advert here to the fact that during rain tho 
amount of water collected by direct incidence, as well 
as that pouring into the canal channel through tho 
bridge inlets—which, from their position, it may bo 
noticed are capable of being entirely restricted to the 
rajbuhas themselves—will add sufficiently to the supply 
of water passing down the channel, even with the relief 
affgrded by the escapes, to render any superfluous inlet 
(ospecially whore such is avoidable) unnecessary. 

The works that come under this section are distinctly 
inlets for the reception of flood water from extensive areas 
of country ; they are directly connected with the excavated 
channel, and they are confined entirely to the tract lying 
above Roorkee. With tho exception of the Lounda Loni 
Wala and Kunkhul disinago which, howovor, is more 
“connected with shingle than- with sandy-bedded rivers, 
tho water which is admitted through these inlets, is that 
which falls upon wild and uncultivated surfaces lying at 
the foot of tho siwaliks, and it is freo from the sand and 
sili which .characterizes the torrents whoso heads are, 
within the mountains. 4 

Of these works there are five, viz. :— 


Width of Water-way. 


1st Lounda Leni Wala Inlat . : « 50 fot. 
2nd Kunkhul 4 n . . 380 » 
8rd Jowalapoor » ° ’ - 100 %,, 
4th Selimpoor ” . . » 150 ,, 
Sth Badshahpoor * : % . 50, 


With the excoption of the work at Kunkbul, which 
varios in somo respects, the design of theso inlets is 
uniform; it is a combination of ghat or stairs with o 
passage for tho inlet of floods, the flight of stops being 
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available for access to the canal water for bathing, or for 
other purposes. The sill or uppor slep is in all cnses 
retained on o level either equal to or above the maximum 
high-water mark in the canal, and tho flood water on ils 
admission passes over the flight of steps, and is relainod 
within its limits by flank walls. 

The local depression of tho country ab Kunkhul, ab 
the site where the inlct is constructed, rendered it neces- 
sary to modify in a slight degree tho plan which has beon 
elsewhere adopted ; the modification will be understood 
by referring to Plate XV. Shect 8, of tho Atlas; it con- 
sists in a sluice fixed centrically in tho flight of stops,s0 
as to admit of the flood water of tho country passing into 
the canal at low levels, when by tho closing of tho 
regulator at Myapoor, the channel is comparatively dry. 
This sluice is fitted with vane planks or sleepers, in the 
way which ig usually practised elsewhere. 

These works are built almost ontiroly with boldevs 
(viver stone) collected in the bed of the Ganges and its 
branches ; they are faced with brick; and the nso of this’ 
material is extended to all parts, whore oxtornal finish ig 
required, or where the application of lines of brick 
masonry was considered to give additional stability 10 the 
structure. The outer surface is stuccood, and mado of 
one uniform appearance by a. coating of plaster, Tho 
whole of these works are designed on a scale of solidity, 
adapted to the rough work which they will have to 
undergo; they are strongly protected both on the upper 
and lower levels by piling and box-work; and no moans 
have boen spared to render them ag cficicnt as possible, 

It is utmecessary im this place to advort 10 the causos 
which led to the construction of those works, as thoy hayo 
been freely entered into in a formor chapter: it may bo 
sufficient here to ropeat that they are confined entirely to 
tho regions connected with the mountains, and 10 paris 


CHAP. 1.] DRAINAGE WORKS, 61 


of the country where the line of the canal, by running at 
right angles to the natural slope, intersects the drainage. 
The width of water-way which has been given 1o each of 
the inlets, will, it is believed, reduce the action of the 
current, and render its effects upon the works harmless ; 
and considering them as masonry ghats for giving access 
to the water, their introduction at detached points will 
undoubtedly be of great convenience to the people in the 
neighbouring villages. 

The rates or cost of building will be shown by the 
following table :— 


” RS. A Pr. 
Lounda Leni Wala Inlet Masonry 15 2 8 per 100 cubic feet, 
Kunkhul i . 12 8 ” 
Jowalapoor n ” 14 #3 1 ” 
Selimpoor ) S 15 1 0 n 
Badshahpoor ay ” mu 8 9 ” 


The coment which is used in the body of the work, 
consists of 7 


1 part Stone Lime. 
1 part Soorkee. 


tho stucco or plaster, of 


2 parts Stone Lime. 
1 pat Sooikee, 
AJ 


TH, The works in the Ganges Khadir for the escape of 
country drainage. 
o) 


The works for this purpose are, as it will be under- 
stood from the dosecription before givon, of an exceedingly 
limited nature; they aro, in fact, confined to one masonry 
outlet; and an arrangoment, to which I havo drawn 
attention, when describing the Sclimpoor Inlet, for per- 
mitting flood water to pass over tho canal channel through 
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openings left in tho embankments above tho high-water 
mark of the canal supply immediately opposite tho inlet 
in question. 

In vegard to the first, which is situated on tho Loft 
bank directly opposite the Kunkhul Inlet, its specilic 
object is to disposo of the water recoived from that source, 
without adding its quota to tho sufficiently inconvenicnt 
supply which tho want of escapes on the Tine from Mya- 
poor to the Rutmoo River necessarily collects in the 
canal channel. Its waterway is in two bays of 10 feot 
each, giving a full oseape of 20 fect, tho sill being on a 
level with the canal bed, and tho soffit of tho archos 
raised to a height of 11°34 fect above it, Tho openings 
are regulated by slecpor planks worked in grooves. The 
dependently of its uso as an escape for foods, this outlot 
acts as the head of a lino of irrigation that extends down 
the high land bounding on the right bank of tho Ganges; 
it also provides a supply for mill purposes. 

Bolders ave used in tho foundations and massive 
parts of the building, whilst brick masonry constitutos tho 
superstructure: its plan, section, &c,, are shown in Plato 
XVI. of tho Atlas, 

The total quantity of matoriel used, and tho ratos or 
cost of the building, ave shown in tho following table :— 


Q 
Marertats Exrrnprp. 


Bricks 12” x6” x24” 7 » 45,075 

Bolders a A ‘ 13,861 Maunds 

Stone Line . . + 4,310 Cubie fect 

Sooikee . : . . + 4,220 n 

Masonry . ‘ . » Res, £8-12-8 per 100 oubic foot. 


The proportions of material in the coment aro ag 
follow :— 


1 part Stone Lime. 
1 part Soorkee, 
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those of the stucco or plaster are, 


2 parts Stone Lime, 
1 part Soorkee, 

Tho outlet was begun and completed by Mr. Kay, the 
assistant cngincor on these works, under tho supervision 
of Capiain Goodwyn. 

Tho gaps or openings which have been left through 
the embankments opposite the Sclimpoor Inlet are 300 
fect in width; they ere mevely intended to act as safety 
valves in tho event of extraordinarily high floods, to which, 
from the height of their sill from the bed of the canal 
channel, they are alone adapted: they are protected by 
piling and box-work ; and although it is possible that their 
aid may never be brought into requisition, they may in a 
caso of exigency be the moans of doing good service. Tt 
will be understood, however, that the benefit that arises 
from these escapes in relieving tho main channel from 
excess of flood wator, will, although in a degree compnra- 
tively trifling, be nogatived by their effect upon the 
navigable channel, which will be a sufferor in a greator 
or loss degroo: the allomnative, however, is a convonicnt 
one, and as such, may be considered as an useful appendage 
to the design. 

‘Bofore closing the subject of escapo, I may remark 
that tho navigable channel, itself, as woll as the mill lino, 
offers in a small degree the means of relieving the main 
canal undor oxtraordinary pressures of water. It would 
not bo advisable in ordinary erses, to divert cither the 
ono or the othor from the specific uses for which they 
wera intended ; the samo species of flood, howovor, that 
brought into usc the oscnpe afforded by the gap in the 
Solimpoor ombankment, might render the others worthy 
of consideration. I montion them hore as a species of 
« pis-aller,” without the slightest desire or wish of seeing 
the altcrmativos practised. 
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IV. The super-passages for carrying the Ranipoor and Duttri 
torrents over the Canal. 

The term “ super-passage ” has been applied to works 
on the canals in these provinces, which convoy drainage 
water over the channels, by woll-protected and parapoled 
masonry passages. In contradistinction to aqueducls 
which carry a perennial supply, and are built for the 
purposes of a regular flow of water, tho supor-passago 
merely acts as a watercourse during floods, and at other 
periods is subserviont to all the purposes of cross commu- 
nication, Onasmall scale works of this description are 
in common use in the Deyra Doon, and on tho Western 
Jumna Canals, in the noighbourhood of the ridge of low 
mountains, through which the canal channol is carriod on 
its approach to tho city of Delhi, thero wero until latoly 
numerous works of this sort, acting in the double capacity 
of bridges during the dry season, and passages for tho 
flood water from the mountains dering tho rains,’ 

The causes which led to the adoption of this species 
of work on the Ganges Canal, havo boon fully oxplained 
in Chapter 2, Part II. of this history; and tho nocossily 
for this adoption, evon under tho groat difficultios * and 
greater expense which it entailed upon the estimatos, has 
been so fully described, that Tshall confine mysolf in this 
place to dotails of design and construction, and to the ox- 
tent and character of the catchmont basing which are 
dependent upon the super-passagos for thoir thorough 
drainage. 4 

The works which como under tho above denomination 
are confined to the Khadiy, and thoy havo beon ¢on- 
structed specifically for the passage of the Ranipoor 

* Mr, Login, in suggesting to me the adoption of the plan of passing 


the canal by super-passage, undertook io overcome theso dificulties, 
and this he has effected in a most masterly manner. 
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and Puttri torrents. Tho catchment basing or area con- 
fined within tho limits of the watershed of these lines of 
drainage, may be considered as 45 and 80 square miles 
vospectively. That of the Ranipoor torrent averages in 
width 44, and has a total length of 10 miles; that of 
the Puttri is 6 miles in width, with an avorage length 
of 16. From tho exceedingly intricate lining out of the 
ravines and valleys in the Sewaliks, it is quite impracti- 
cable to determine with any precision the true and accu- 
rate line of watershed; for all practical purposes, how- 
over, the dimensions above given are sufficiently correct 
to enable us to estimate with tolerable certainty the value 
of the enclosed area. 

The catchment basins of both the torrents with which 
wo are now dealing, consist of long strips of land, the 
lower oxtremitios of which terminate on the super-pas- 
sages. The northom portion of these strips, or that 
which is farthest distant from tho canal, is occupied 
entirely by mountains, tho highost points of which rise 
to a height of from 800 to 1,000 fect, above tho country 
on Which tho canal is situated: in both the basins of the 
Ranipoor and Puttri, at loast one-half of their area is 
thus occupied, tho remaining half being on a rapid slope 
towards tho direction of the canal, and having its surface 
covoved with oither grasa or dow forost-trees, 10 which the 
cultivated land and villagos bear a vory small proportion. 
Tho hilly themselves consist of upheaved allnvium, strata 
of clay, sand, and bolders, lying at an angle of about 
20 degroos: this anglo With tho exception of that portion 
of tho Sewalike which isin contact with Hurdwar and the 
Ganges, dips, J believe, universally to the north-cast, 
showing its scarp to tho plains. Immodiately at Hurdwar, 
howovor, tho direction of this dip is revorsed, the incli- 
nation of tho strata bemg to the south-west. Thoso 
hills aro subject to constant degradation; every rainy 

vou. Il r 
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season precipitates masses broken off from cliffs into the 
beds of the torrents, by the aid of which the dotvitus is 
carried forward, and spread over the plains lying at thoir 
foot. Theso plains, which as I have before said, aro 
on a rapid, although gradually decreasing slope in the 
direction of the canal, consist ontirely of the material 
thus brought down from the mountains, deposited accord- 
ing to its gravity, bolders and shinglo forming the 
slopes of the upper, whilst sand is the provailing ingro- 
dient of the lower regions. It is in this sand that the 
Ganges Canal has been cxcavated, and it is in soil moro 
or less of a sandy nature that tho works I am now about 
to describe havo been built. Taking tho works in thoiy 
order of precedence, thoso connected with the Ranipoor 
torrent will first come under review. 


“The Ranipoor Superpassage, and Works connected with it. 


At the point where this workis constructed, and pre- 
viously to tho project of 1850, a masonry perpendicular 
dvop inlet for the admission of tho torrent, and an outlet 
for its estape, had been built; tho former on tho right, 
the latter on tho left of the canal channel. The existonco 





Dingram 86, 
Bo at 5 A ik tae + sot 
sera eae harpicisecanee) SplSstsssssSoacsecsHf 
{ i ’ | 
aiuci GAEL Sr Bed of Nanipoor. 
£ 3S 
a 
Lacnpe. Inlet 


of thege works, therefore, placed a limit in an economical 
point of view on the now design, it being desirable to 
adapt, a8 far as it was possible, the foundations and supor- 
structure of the old to the new work. The domands for tho 
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passage of the canal water were an open channel of 200 feet 
in width, a lock channel of 16, and a mill race of 10. It 
was essential that the flood-water of the Ranipoor torrent 
should pass over the whole of these channels without any 
sort of interference. The transverse section of the canal 
across the old masonry works, is shown in tho preceding 
diagram, 

Maintaining the face of the perpendicular of the 
inlet A B, as the alignement of the right flank of tho 
proposed new building, the space to work upon was equal 
to 247’ 6” + 24’ 43”, ov a clear 271' 10}. Tho dis- 
position of the required channels to meot tho above width 
was arranged as follows; commencing from the left of the 
above diagram: — 





Feet, in, 

Abutment of mill channel ‘ i 4 23 
Mill channel. , - g : 10 0 
Pier : i ; : : 4 0 
Lock channel . : . < . . 19 0 
8 Pies, 4’ 4” each . 9 . c ; 34 8 
8 ‘Waterways of main channel. =. =| 2000 

Total width . + QTE AOS 


Ti will bo observed that tho first threo items of the 
above table occupy a space of 18’ 23’ only, wheroas tho 
escape platfqrm was 24’ 43’; it becamo necessary, thoro- 
fore, to cut away 6 fect 2 inches of tho front, for the pur- 
poso of the lock-chamber : with the oxception of this, and 
the removal of the wings, and a portion of the reservoir 
of the inlet, tho whole of the buildings which were for- 
merly constructed wed brought into use as abutments 
for the new work, into which they woro built without any 
further modification ; this will bo understood by reforring 
to Plate XTX. of the Atlas, which oxhibits the plan of 
this work in all its details. 

I have, in the chapter on Navigation Cuts, explained 
the mothod by which tho navigable canal and tho mill 

F2 
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channol reach the passages respectively approprintod to 
their uses; and shown how, by means of a rovotimont, &e., 
a line of separation has heen drawn betwoon thom and 
the body of water in the main channel. It remains, 
therofore, in comploting the doscription of this work, to 
note that the waterways, eight in number, for the pas- 
gago of the main stream of tho canal, ro cqual to that 
of the falls, or masonry descents, tho picrs having addi- 
tional solidity, to correspond with the uses to which the 
building is to be applied. The water passos over an 
ogee descent with a drop of 9 fect, and fills ito 
chambers of an cqual length with that of tho supor- 
structure. This superstructure, which rests on the picr 
heads, and is formed of floorings, built wpon sogmontal 
arches, with 60 dogroes radius, is, in total width, oqual 
to 210 fect, of which 7 feet on cach side aro appropriated 
to parapets, and the remaining 196 to tho watorway for 
the floods, As in the cago of the masonzy falls, tho 
upper levels of the ogees aro fitted with grooves and 
sleepers for the purpose of closing tho chambors, a con- 
vonience that is obtained by projecting tho picr in tho 
form of a cutwator to the front alignomont of tho work. 
The foundations of the upper and lower lovels aro pro- 
tected by lines of piling and box-work, tho formor on a 
width of 10 feet, the latter on a width of 70 foot; tho, 
revetments also on the right and left aro similarly pro- 
tected, and much attention has been givon to: securing 
the masonry foundations, which are counceted ‘with tho 
muain canal channel, from injury, Those protective oxpe- 
dicnts consist of loose holders, held in position by wood- 
work; thoy will requiro constant watching and yopnir, 
and tho canal ought nover to bo laid dry, without an 
anxious inspection being givon, not only to theso parli- 
cular protective works, but to all thoso whieh aro simi- 
lavly situated. 
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The upper floorings, or those of tho superpassage 
itself, are in their thinnest measurement (that is to say, 
over the crown of the arehes) equal to 3 feet. The 
parapets on the right and left are in width 7 and in 
height 14 fect; they are continued inland from the hody 
of tho work to a distance of 100 feet on onch sido, ex- 
panding outwardly, so as to form wings for keeping the 
water within bounds, on its ingress to, and egress from, 
the super-passage. 

The plan which has been adopted for giving pro- 
tection to the masonry work, both floorings and flanks, 
and of delivering the torrent upon the superpassage 
channel, is shown in Plate XIX. of the Atlas. The 
great object has been to bring the torrent upon the work 
by a gradual process, and to avoid, as much as possible, 
abrupt contact; to give the ctrrent a bearing upon the 
axis of tho passage, and to prevent, as much as possible, 
any tendency to lateral action. The works at the Puttri 
oxhibit the plans that shave been adopted for these pur- 
posos on a more oxtended scalo than those which I am 
now describing, which are, however, equally well adapted 
for tho ospocial locality, Tho gonoral design of the spurs 
and ombankmonts is that which, from long practical ex- 
porionco in Northorn Italy, has been considered the best 
and most cfficiont; tho principle upon which they have 

“peon Inid out is, ag far as local civeumstances would per- 
mit, similay; and as I havo had ocular demonstration of 
the good effects, not only of the design of embankment, 
but of the plan which is usually adopted in its disposition, 
by inspocting the courses of rivers which havo been twned 
under tho discipline of works of the above description, I 
havo adopted thom without hesitation; and doubtless, 
with corlain modifications dependent on matorial, and the 
charactor of the river which we have to deal with (which, 
I may obsorvo in passing, aro in tho early part of their 
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course similar in evory rospect to those of Lombardy and 
Piedmont), they will be as applicable to India as Lo Italy. 
At any vate, conturies of oxpericnco gained in Furopo 
may vory fairly be taken advantago of; and as it is as 
well to start from tho point to which improvemont has 
arrived, instead of persisting in experiments, which, in all 
probability, have years ago proved uusatisfictory, it ix 
wise to adopt those measures which boar tho guarantoo 
of successful expericnco. I havo not been backward, 
therefore, in adopting as models, those works in Lom- 
bardy and Piedmont, which, I was satisficd, both from 
observations, and from the fact of thoix practical bonofit, 
would bo yaluablo accossories to our works in Northorn 
India, 

The plan which I havo put in practico in conducting 
the torrent and its flood-wators upon the ontranco of the 
superpassage is shown in Plato XXIV. sheet & of tho 
Atlas, which representing tho works on tho Puttvi, sorves 
ag a pattern for those on the valley of the Ranipoor. It 
consists of a series of parallel embankmonts described ab 
right anglos to tho axis of tho suporpassage,  Thoso 
ombankments, which are made of carth, oppose a saliont 
and well-protectod ond to the curront, An opon passnge 
of considerable dimensions, but which decreases in width 
to that of the masonry channel, is flanked on cach side 
by the salient ends above reforred to, the form of which 
is adapted to restrain tho action of tho ewrent, 10 secur 
back water on the up-strcam frees of the embankments, 
and ultimately deposiis of sand aleng tho whole lino of 
tho valloy. This open, funvel-shapod passage delivers 
the water upon a strongly built and well-protected seriog 
of works more immediately conneeted With tho masonry 
superpassage, and devised for the purpose of casing: off 
the action of tho wator on its coming in contact wilh the 
masonry. 
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Tho series of works above alluded to, consist of 
flank defences and spurs made of bolders and heavy 
material strongly tied together by wooden framework, 
their fronts being covered by aprons of similar material 
guarded by lines of pilos driven to a depth of from 16 to 
20 feet. The ingress front of the superpassage itsclf is 
covered by an apron of frame box-work, with an upper 
flooring of rubble masonry; the apron has an inclination 
of 5 feet, sloping from the level of the floor of the super- 
passage chamnel, back in the up-stream direction, The 
width of this apron is 100 feet; it is carried in a circular 
sweep, 80 as to cover the flanks; and the utmost care 
has been given, by placing these protective works at the 
lowest possible level, and by guarding them by lines of 
piles driven as deeply and as closely together as was 
possible, to place them out of the reach of the whirlpools 
and regurgitations of water which may be anticipated 
during floods. 

At the point where the water will leave the channel 
of the supcrpassage, the works aro of a less complicated 
nature. Hore, howover, the defences on tho flanks, and 
the apron attached 4o tho flooring, are built of the same 
matorial, and much on the same plan, os thoso on the up- 
alrcam face: the object at this point, however, is to get 
rid of tho wator, aflor it is passed through tho con- 
tracted channel of tho superpassages, with the least 
interference 1o its onward progress; the side defences, 
thoreforo, are morcly bunds carried on in prolongation of 
the masonry wings of.flo work to a sufficient distance, to 
deliver tho water upon the swrfireo of tho country, and 
tho apron is intended to protect the down-stream side of 
tho building froth tho action of the water in excavating 
holes on ils escape from tho Moorings. 

The connecting link botiveon the wings and the out- 
ward defences, is formed by a circular mass of stone and 
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framowork, in which the terminating point of tho wing 
wall is strongly imbedded. ‘ 

In the above description, I have given’ a goncral out- 
line of the works, which have been adopted for both the 
Puttri and the Ranipoor suporpassages for delivering tho 
torrents upon their channels: tho oxtent to which they 
have been carried in cach will be secon by roferenco to tho 
plans. At the latter, although tho defences in immodiato 
connection with the superpassage are precisely of tho 
same order as those at the Puttri, thogo at a distanco 
are comparatively small; a cireumstanco avising from 
local causes, and from the peculiarities of the torrents 
themselves. 

It will be undorstood, by referring to the Socond 
Chapter of the Second Part, in which I oxpressod my 
viows as to tho effects upon tho beds of sandy torrents 
by the interposition of bara of masonry, that my great 
object in designing the works which we are now 
describing, was to depress tho flooring of tho supor- 
passage to its lowest possible limits, so that its surfaco 
should be below tho ‘line of tho supposed limit to tho 
action of tho torrent.” 

Thero were two fixed levels to work upon; viz., tho 
surface level of the country, as in the caso of the Pultri 
(or of the torrent, as in that of tho Ranipoor), and the 
true level of the canal bed: befweon those lines tho paris 
of the design were necessarily restricted. I had to 
provide for a passage for boats along tho navigablo lino, 
with a maximum height of water pqual to ton foot; and 
Thad to give a sufficient thicknoss of arch and flooring 
for tho purposes of tho passage of the torront across the 
canal : for this I considored 3 feet was tlfo minimwn that 
could be fairly given. I had also to provide against tho 
contingoney of floods coming down the canal, by piving 
sufliciont waterway for their reception. Whatover, thoro- 


OMAP. 1.] DRAINAGE WORKS. ' 78 


fore, the distance might be betweon the above two levels, 
Thad a fixed quantity to work upon, viz. :— 
10 feet depth of water. 
8 feet thickness of masonry for arch and flooring. 
6 feet for headway for the passage of boats, and for contingencies 
of canal floods ; 

giving a total of 19 feet in depth. The following diagram 
will still further explain my moaning :— 


Diagram 87. 
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Unless it might be considered that 6*feet was an unne- 
cossary height for headavay, the 19 fect above shown was 
an indispensable and fixed measurement, by which I was 
limitod, . 

In the case of the Ranipoor superpassage, which was 
built on tho sito of the natural torrent, it so happens that 
the lines A B, and @ 6 are separated by a depth of 
22445 foot, so that the flooring cd of the superpassago 
is 8°445 below the true bed of the torrent. I consider 
this to be a very favourable occurrence, although during 
tho period that we have had the river under our registers, 
the fluctuations in the height of the bed have been so 
great, that it is not clear to me what may bo the result 
on the suporpassage itself coming into operation. At 
any rate, the flodds will reach the passage in the first 
instance on a sandy bed, 8°445 feet of which it will have 
to clear away before it touches the masonry flooring. 
Tho Puttri work is not so favourably situated in this 
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respect; but I shall reserve my remarks on that until 
heroaftor. 

I may as well, howover, observe that, by tho vestric- 
tions placed on tho height of the suporpassago works 
from tho bed of the canal, and more especially from tho 
circumstance of the lock channel being on tho left, or on 
the down-stream end of tho superpassago, I havo rotained 
the floorings on a horizontal level. It is cloar that a 
slopo could only have beon given by raising the masonry 
of the up-stream ond in proportion to the declivity 
required to mako it in accordanco with tho slope of tho 
country. In tho case of the Puttri, tho rio would have 
been 1:34 feet, and in that of the Ranipoor 9°07 inchs ; 
tho former having an effective slopo of 25°13 fool por 
milo, and tho latter a slopo of 14-11 foot; tho longth of 
superpassage channol being in tho first case 283, and in 
the latter 282’ 10}, Now, as it is perfectly cloar that 
this slope may as‘well bo ostablished by the rivor itself, 
and formed of its own matorial, ag built of rigid masonty, 
TI saw no necessity for desorting the horizontal linc, but 
satisfied myself by raising tho parapots to a suflieciont 
height. to give full seopo for any clovalion of hed that 
might be due to the natural slope dosixed by tho river. 

Tho Ranipoor snperpassago and masoury works 
attached are, with the exception of the massive paris of 
the foundations, floorings, and spandrils, which ave built 
with bolders brought from tho bed of tho Ganges Rivor, 
constructed entirely of brick masonry. Tho wholo work 
was Inid out, and its progressewas carefully super- 
intended by My. Kay, tho assistant ongincor, under 
whose care all tho buildings in the neighborhood had 
been oxceuted. 

Tho bricks, 12 x 6x21”, woro bum in tho manu- 
factories at tho village of Solimpoor, in tho samo specics 
of kiln as has been used at Roorkeo: thoy are of the best 


CHAP. 1.] DRAINAGE WORKS. 75 


deseription procurable from the soil in the neighbour- 
hood. 

The quantity of material which was expended on the 
Ranipoor superpassage is as follows :— 


Bricks 12” x6" x23" 4s 6,218,753 

Ditto 12"x6" x2" 5 : . 1,500 
Bolders , . 5 1,467,814 maunds, 
Stone Lime . : i. . : 800,294 cubic feet. 
Soorkee . - soo Be ae 298,898 ditto. 


The cement is composed of the following ingredients :— 


1 part Stone Lime. 
1 ,, Soorkee. 


with the most abundant use of water. 
The rates,at which the work was executed are shown 
in the following table :— 


Total content of masonry 1,636,252 cubic feet. 














R.A. PB, 
Arch masonry . - 23 0 8 per 100 cubic feet. 
Brick on edge masonry . 1614 4 ” 
Plain masonry . Fi 1511 0 in 
» Bolder ditto. 68 10 8 10 ” 
Plaster. : ‘ . 5 8 8 per 100 superficial fect. 
Depth of each 
8 Kinds of earth, the Geta Remarks, 
g 4o bottom of 
vi Foundations, 
Ft in, + 
1 | Brown sand 8 3 Containing about 10 per cent. of clay, 
2 | Sandy clay 6 0 A combination of abont 70 per cent. of 
fine sands with 30 of clay. 
8 | Brown sand 16 Containing a slight mixture of sedimen- 
tary deposits, 
4 Ditto. 1 40 | Fine quality. 
5 | Fine gravel 0 9 Containing about 40 per cent. of sand. 
6 | Brown sand 1 2 Fine quality. 
7 | Brown clay 0 6 Containing about 20 per cent. of fine sand. 
8 | Grey sand 1 9 Good for building purposes. 
9 Diito. 1 9 Fine quality. 
10 ) Brown sand 2 9 | Ditto, 
Total depth of 20 0 
foundations, 








76 DRAINAGE WORKS. [PART 1. 


Tho table given abovo shows the description of soil 
that was met with in tho excavations for the Ranipoor 
works. The boring rod showed no signs of water ab a 
depth of 40 feet. At the Moongawalla woll, at a distanco 
of 2,650 foet to the westward, spring-walor is at a dopth 
of 60 fect from the surface. 

I havo before described the catchmont basin of tho 
Ranipoor torrent, or that part of it at Icast which lics on 
the up-stream sido of tho canal, as cqual in aron to 
45 square miles, one-half of which consists of mountain, 
and the othor half of open forest country; tho latter on a 
very rapid slopo towards the canal, A map of the 
country lying betweon tho foot of the hills and the canal, 
with its surfaco marked by figures, denoting tho relative 
levels with referoneo to the flooring of tho rogulating 
bridge at Myepoor (the zoro from which all tho canal 
lovels aro counted), will bo found at Plate TIT. of tho Atlus. 

The quantity of rain-water that would fall upon a 
surface cqual to 45 square miles; allowing 12 inches“in 
perpendicular depth during 24 hours, would bo oqual to 
14,520 cubic feet por second, an amount that may bo 
considered 2 maximum on an oxtonded aroa. ‘Tho valno 
of the channol of the superpassage to meek tho dischargo 
may be estimated by tho following tablo:— 























D. R Velocity. Area, Diachargo 
per Second, 
Vv. wu Uz. 

1] 11-879 5127 THAG 2-798 196°L67 1,005-7 18 
2} 283-520 7279 | 10-188 4370 392-33 f 2,855-799 
3} 84-032 8007 | 12197 5677 58S 5OL 5,24-778 
4 | 46-119 | 10-258 | 13-780 6-786 784-668 | 8010128 

5 | 57-008 | 11-431 | 15-104 7-758 980-835 | 11,21 b025 

6 | 67-849 | 12-476 | 16315 BGG | 1477-002 | 4,688 100 

7 | 78404 | 18-423 | 17-410 9436 | 1,373-100 | 16482-0447 

8 | 88760 | 14°292 | 18410 | 10-174 | 1,569-386 | 22,420-186 

91 98-928 | 15°097 | 19-381 | 10-853 | 1,765-508 | 20,663-789 

10 | 108-897 | 15-869 | 20-212 | 11-526 | 1,961-670 | 81,120°741 
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Whore the first column gives the depth of the water 
passing through the channel, with the discharge of cubic 
foot per second, and its attendant velocities in parallel 
columns. 

Agrocably to the above table, a depth of water on the 
channel equal to 6 fect, would in one second carry off 
the water that would fall in that space of time. 


Diagram 88, 
(Levers or tue Bnn or tim Rawtroor Rao, 1858.) 
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a, 4010, Horizontal Line Flooring of Super passago, 











Canal bed, 
lower favel, 





By xeference to the above section, which shows the 
true slope of tho torrent on its approach and departure 
from the floorings of the superpassage, it will be seen 
that the former, A B, is on an average of 15°88, and ihe 
latter, B O, of 12°35 foet per mile. 
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Giving 2 mean on the whole distanco of 14°11 foct por 
milo. ¢It is upon the mean slope that tho table of dis- 
chargos above given is calculated; and it is upon tho 
diminution of the slope from B to CG, or from tho flooring 
of the superpassage downwards, that I depend for the 
establishmont of deposits in the region of B, or both on, 
and in the neighbourhood of, the floorings of tho supor- 
passage. ; 

The Ranipoor works wore built under tho superin- 
tendenco of Captain Goodwyn, by Mx. Kay, assistant 
enginecr, whose success in managing the torrent, and in 
counteracting its effects upon tho defences, during tho 
period that the building was going on, was most do- 
servedly tho theme of universal admiration. 


The Putni Superpassage and the Works connected with it. 


This work is similar in design to that at Ranipoor, 
with the excoption of tho absonée of the mill chanuol. 
There are, however, nino bays of equal dimensions, oach 
of 25 fect in width; that which constitutes tho lock- 
chamber being 25 instead of 19 fect, ag at tho Ranipoor 
works; and the width of superpassago being 296 foot 
instoad of 196’ 2/’, 5 

The country which is draincd by tho Pattri Rivor, or 
that which, lying on tho right of the canal, constilinbos tho 
catchment basin for tho drainage of which provision has 
to be mado, is boundod on tho north by the Sowalik 
waicrshed; on tho south by tho canal; on the onst by 
the watershed of tho Ranipoor basin; and on tho west 
by that of the Rutmoo River. A caroful inspection of 
Mr. Dodsworth’s map (Plato TIT. of tho Atlas) will show 
very distinctly the connection, or partial connection 
rather, that oxists botwoon theso thiuco lines of drainage, 
The watersheds of cach are accurately defined, but both 
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in tho case of the Ranipoor, as lying on the boundary of 
the Puttri, and in that of the Putri, as resting upon the 
east of the Rutmoo bagin, the natural separations of the 
drainage are very indistinct. As I have shown in the 
early part of this history, when describing the marked 
topographical features of the country, there is a direct 
slope from east to west, parallel to the lino upon which 
the course of the canal is carried: this slope affects the 
different basins more or less, and is yery observable in 
the upper parts of the Puttri, where from the levels of the 
surface, it would appear that the basing of the Puttri and 
Rutmoo are actually connected, and that as far as these 
levels are concerned, the whole of the water that comes 
from tho Sewaliks, and which now passes down the 
Puttri, might with oase be thrown into the Rutmoo, The 
facility offered by this latitudinal slope for relieving one 
river at the expense of another, has been before alluded 
to; and it is by no means impossible that it may be con- 
venient hereafter to tako advantage of these facilities in 
rolieving the Putiri superpassage, by turning the hill 
supply towards the Rutmoo dam. This change of direc- 
tion would require careful managemont, so as to prevont 
the torrent from coming in contact with tho canal on that 
pat of its channel lying on the west of the Gurh and 
Synibas vidge, or of its, gaining admission into the 
channel by the Badshahpoor Inlet; but at the same time 
it is feasible, and may be considered as a resourco in the 
event of the Putiri suporpassage being overloaded. 

Tho catchment basin of the Puttri, or the tract con- 
fined within the boundarios before mentioned, has in the 
design for the works which havo been constructed, beon 
divided into two distinct areas; ono of which is con- 
nected with tho Selimpoor line of nulla, and with a 
jungle tract of 10 square miles in superficial extent, which 
may be considered as subordinate to, and lying to the 
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east of the truco drainage of the Puttri; tho other the 
Puttri itself. The first, as boing unconnecicd with tho 
hills, is remarkable for throwing off puro water unmixed 
with sediment; the latter for its disgorgomonts of sand 
and silt, marked by the true characteristics of Sowalik 
drainage. 

Tho subordinate aroa which may bo tormod tho 
Sclimpoor basin, tho extent of which is equal to 10 square 
miles, but which during very high floods is supposed to 
be liable to an accession of water from tho neighbouring 
torrents, is provided with an inlot of 160 fect in width, 
situated on the right bank of tho canal ; tho flood water, 
therefore, from this source will pass down tho canal 
channol, and obtain an escape at tho Rutmoo dam. Ii hag 
beon provided also, that tho floods in oxtraordinary casos 
should have the means of oseape over tho country situated 
to the south of, and opposite the inlet, by openings for its 
passago through tho left embankments of tho main carnal 
channel. The actual aroa of tho calchmont basin, for tho 
dvainage of which tho suporpassage has boon constructod, 
is therofore oqual to 80 square milos, minng thas oceupiod 
by tho Sclimpoor basin: of thoso remaining 70 squaro 
miles, 40 may be considorod as mountain, and 80 jungle 
and grass land, the Jatler being on a rapid slope divoctod 
upon the works, It is with fhoso 70 squave miles that 
tho suporpassago which I am about to deseribo is spoci- 
fically connected. 

The Puttri torrent so fur diffors from the Ranipoor, 
that whereas tho lattor is at tho peint of intorsoction with 
the canal, a well-defined and marked channel, tho formor 
is morely shown by oxtensivo body of sand, suporficially 
distributed over tho surfaco of the country. There is, 
however, tho same remarkeblo difference of slopo between 
the channels on the up-sircam and down-slroun sidos of 
the superpassago; and this difforonco ix grontor in both 
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cases at the Putiri works, which with its position velatively 
to the canal bed, places it under evon more serious diffi- 
culties than those met with at the Ranipoor torrent. Its 
distance from the foot of the hills is § miles, that of the 
Ranipoor work is 2% miles, 

I have in tho prefatory remarks on these super- 
passages, described the nature of the embankments and 
spw's which have been constructed in tho valley of the 
Puttri, for the purpose of bringing the floods to bear 
upon the masonry works. I have also described the 
protective measures that have been taken at the point 
where they come in contact, for relieving the super- 
passage from the action of the current. It is unneces- 
sary, therefore, to enter further on this subject, as the 
detail shown in Plate XXIV. of the Atlas will make this 
part of tho project sufficiently intelligible. It will bo 
seen, however, by this plato, that the actual position of 
the super-passage is to the wost of the natural line that 
the torrent has during late years taken ; this westerly site 
was dotormined on for two reasons: Ist, that tho work 
might bo oxccuted without hindrance during the period of 
floods; 2ndly, that tho decp oxcavation which had to be 
mado from tho Rutmoo back to the site of tho Puttri 
works, might bo reduced in length os much as wag 
possible, The value in pojnt of economy of the latter 
roason will be understood by referring to the following 
diagram, which shows tho nature of the soil through 
which tho excavation for the Puttri super-passago was 
carried, and the height at which spring-water was found. 

Now it will be seen from the following diagram that 
the actual depth of digging from the surface of the country 
to the canal bed on the higher lovels was 8°8, that to gain 
tho lower levels was 17°8 feet. To reach tho level on 
which the curtain and ogeo foundation rested, tho dopth 
to bo dug was 28°8 feet; that of tho floorings on the 

"yor. I. @ 
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gveator part of their extent was 28°38, on the lessor part, 
22°8; tho tail foundations had to be suuk to a depth 
of 87°8 feet from the smfueo of the country, below 
which there was spring-water ab a depth of 725 lool, 
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Plato XXIV. Sheet 6, of tho Atlas, gives an outline 
of the floods of 1850, and thoir effects upon tho Putivi 
works, which, proviously to the rainy soason of that 
year, had been commoneed by tho establishmont” of 
ombankments for the protection of tho works, uni by 
the formation of a ehanvol 3800 foot in width, to whieh 
it was intended to Inmt tho torrent. ‘Tho different 
works that were constructed, ab thus period are shown 
in tho plan above alluded to. 

Tho effects during this season appear in thoir action 
to have been quite mdepondent of any of our proceed- 
ings; tho cnvrent m an early part of its course, and 
high up on the bed of the river, sprond over the country, 
tuking a direction to tho cash, wd to that point of the 
canal whoro the Sclimpoor Inlet is now buill; a con- 
sidovablo portion of the eurront, in fuel, passod into 
that portion of land which has boon designated thi 
Sclimpoor Basin; hore it crossod tho canal banks whieh 


OMAP, I.] DRAINAGE WORKS. 83 


had been partly formed, and filling in a good deal of 
tho excavated channel, swept over the country, leaving 
breaches through tho banks, as are shown in the plan. 
The main body of water, however, continued in the 
direction of the 800 fect opening which had been left for 
its reception, through which, during the greater part of 
the season, it passed, without injuring tho flank defences, 
excopting on one occasion, where it broke into the super- 
passago without doing any material damage. On the 
29th September, 1850, however, in defiance of the 
defensive works, a flood which occurred during the night- 
time, carried away the left flank of the opening cutirely, 
and widened the channel to an extent of 147 foet. Tho 
general effect of the passage of the current through the 
opening during this period, was undoubtedly to deepen the 
channel where it was most contracted, and the extent to 
‘which this took place is shown 1m fig. 2 of the plate above 
referred to. Durimg the rainy seasons of 1851, 1852, and 
1858, the torrent has still, in a greater or less degree, 
passed off in the divided stream, it having been thought 
advisable for the security of tho super-passage during its 
construction, to leave the breaches open, and by* these 
means to givo relief to the passage of the water at points 
distinct from, the masonry works. In this manner tho 
floods for throo years have,gone by without giving any 
trouble. The bed of the opening has during this period, 
although passing off large volumes of water, experienced 
a. variety of changes, and at tho time that I am now 
writing (1853-654) is wbove its original level, being 
covered with sand deposits, as it was previously to the 
floods of 1850. 

The great (it may be said extraordinary) difficulties 
that the engincer in charge had to contend against in 
laying the masonry of this work, must, under the above 
oxplained circumstances, be evident. Mr. Login, how- 

a 2 
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avor, stiecocdod in redneing tho spring-watcr levol to a~ 
depth of 18-25 fect from the surfaco of tho country, 
and in laying in tho wholo of tho building, fownda- 
tions included, with little or no impediments from water. 
Tho tail foundations, which consisted of blocks of masonry, 
were undersunk to a depth of 20 foct, and thoso portions 
of tho curtain and ogco walls below tho roducod spring 
lovol, wore laid in by tho uso of dally or scoops, by which 

” tho wator was cntirely romoved from tho oxcavations, 
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Tho situation of tho canal (crossing at right angles a 
country lying on a rapid slopo) was poculiarly favourshle 
to tho oporations for drainago, and this was takou advan- 
tago of in tho most oconomical way hy making a cut from 
tho canal bed in tho direction of the slopo; and as tho 
spring-wator passed away, gradually deoponing both tho 
excavations for tho works and for the drainago, until the 
wator was reduced to a minimum. Tho plan adopted is 
shown in tho abovo diagram, accompauicd by a profile of 
tho country on which tho drainago ent A B was oxcayatod, 
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Tho design was simple, and its success complete. I 
am not aware that during the whole of the building 
operations any further difficulty existed than in tho 
maintonance of the drainage cut as a free and open lina, 
This, as might be expected, was on its lower levels subject 
to the falling in of carth from its side, and to deposits of 
mud and sand from the action of springs and currents, 
There was a constant necessity for working parties boing 
employed upon it, but tho free passage of the spring- 
water which it secured, rendered the progress of building 
comparatively easy. 

The soil upon which the masonry rests is far from 
being a satisfactory one; the circumstance alono of its 
being saturated with springs, indopendently of the soil 
itself, in which the springs act, being composed of a 
mixture of sand and clay, is an evil of great magnitude, 
I have trusted, however, to the massiveness of propor- 
tions of the foundations, and to the extensive surface 
which they cover, cqual in aver to 8814 x 2865 or 94,4774 
square feet, as a protection against any sorious disar- 
yangement of tho superstiructuro by after-settlement. 
The result, however, has not proved so satisfactory as 
could havo been wished, the line of blocks at the tail has 
lod to a slight sottlemont, arising, I imagino, from tho 
crator-like form which is giyen 1o the soil in the progross 
of undersinking, and consequently (in all probability) to 
an inclination that those solid masses have to movo after 
the superincumbent weight was placed upon them. ‘The 
flooring of tho loft chamber, or of that devoted to lock 
purposes, which from motives of economy was reduced 
in thickness to 2} feet, has also slightly settled; theso 
dofects, however, will not, I imagine, act prejudicially, nor 
will the settlemont proceed further than it has already done. 

Tho building is constructed entirely of brick (12x 
6x 23” in cubie measurement, burned in the Sclimpoor 
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manufactories) and bouldors, the latter being used in all 
the massive parts of the foundation ; the formor in the outer 
surface (18 inchos thick) of tho ogees and floorings, and 
in the supor-structure. Tho contorings for tho arches 
were formed of carth well watered on tho native plan, 
which has, as a genoral mo, beon adopted throughout 
these works. With cortain disadvantages, which aro 
noted in tho chapter on Bridges, this species of contoring 
has tho groat recommendation of cheapness, added to a 
facility of adaptation to the purpose, which no othor 
species of centering offers, The boulders, of which tho 
foundations ave built, aud which are go oxtonsively used in 
the protective works appended to tho supor-passago, wore 
collected at the mouths of tho passes into tho Sowaliks, 
and from tho bed of the Gangos Rivor, from whoneo thoy 
wore carted to the works at a cost varying from 4 rs. to 
4ys. 8 as. for 100 maunds, from a distanco of from 5 to 
7 miles, or from 8s. to 9s. for 8} tons. 
The following quantity of material was oxpendod :—- 


Bricks, 12” x 6" x23" « 9,411,011 
yy English machine. 366,04 


Boulders . 8% ‘ » 1,401,262 mannids, 
dhama ss, . ‘ \ : 28,248 onbie foot. 
Stone lime = *. : 7 «285,757 4 ” 
Soorkee . ‘i ; ’ » 408915 4 yy 
Sand F ¥ : . . 80,179 4, oy 


. 
And the proportions used in tho cement wore as follow :— 
4 Stone lime, 
Boulder masonry . 4 1 Soorkee, 
1 Well-washed sand, 
{ 4 Stong lime. 


Urick masonry 2 Soorkeo 


Promenive Wonts. DLAgt er. 
10 Stone lime. 8 Stone lime. 
10 Soorkee, 2 Suorkee. 
10 Sand. 


5 Lime sifliugs, 
5 Small broken briok. 
The whole being finished off with a mixture of 7 parts 
of atone lime to L of soorkee. 
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The rates of work performed will bo shown in tho 
following table:— 
Total cubie content of masonry, 2,248,591 enbic fect. 


Rs. A. OB 
Arch masonry, - 28 15 1 per 100 cubio feet, 
Brick on edge masonry. 19 1 2 4 ” 
Plain masonry . » 1618 8 y w 
Plaster : » 2 8 5 per 100s, feet. 


The calculations for the discharge through the channol 
of the super-passage have been made on the plan before 
described for that of the Ranipoor work; the effective 
slope being estimated on the mean of four miles, two of 
which are on the up-stream, and two on the down-stream 
side of the masonry channel: the sections which accom- 
pany the present description have been taken since the 
works have been completed; they show, therefore, the 
true declivity of country in connection with the works, 
and fully exhibit the diminution of slope on the down- 
stream side, as tending to deposits in the region of the 
masonry work. Taking the mean of the slope on four 
miles as 25°18’ per mile, the following tablo will show 
tho value of the Puttri passage in its capabilities of dis- 
charge to a dopth of 10 feet of water on its floorings :— 


























. Velocity. Discharge 

D R = a) = Area. per Second, 
1] 11°919 } 7°131 | 10°009 } 4:253] 296 2,110°8 
2 | 28°680 | 10°143 | 13°597 | 6°689 | 592 6,004°7 
3 | 85'285 | 12-482 | 16'266; 8598 |) 888 11,039 °7 
4 | 46°737 | 14-340 ae 10+201 | 1,184 16,9780 
5 | 58°039 | 16°006 | 20:368 | 11644 | 1,480 23,6880 
6 | 69°195 | 17°497 | 22-062 | 12-982 |1,776 81,075 °0 
7} 80°206 | 18-855 | 28-597 | 14°118 |2,072 39,068 -0 
8 | 91-077 | 20-107 | 25-006 | 15-208 )2,368 47,613+0 
9 (£01809 | 21-271 | 20-311 | 16-231 | 2,664 56,666°0 
10 112-405 | 22-861 | 27-5381 | 17°191 | 2,960 66,189°0 





The above table is calculated from the mean slope 
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obtained from the following section, which shows that tho 
slopo of approach A B is oqual to 31°73 foot por milo, 
and that of doparture B C, ogqual to 18°58 foot por mile. 
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The supposititions dotted lino A C whieh roprosonts 
iho mean slope upon which the celeulations of discharge 
ave foundod, oxhibits also the theoroticnal boundary to 
the oxtent of deposits on B. 

Tho ostablishmont for the supervision of tho supor- 
passages will bo connected with that of tho lino of 
navigation which runs parallel to thom; they will be 
under tho immedinto chargo of an overseer, whose 
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duties will extend from the Jowalapoor Bridge on the 
up-stream side of which the navigable line commences, 
to the down-stream side of the Puttri super-passage, at 
which point tho navigable line terminates. To each of 
the four locks, two of which are connected with the 
super-passage buildings, a gang consisting of ono mate 
and ten beldarg will be attached; giving to the whole 
line a party of four mates and forty beldars. Inde- 
pendently of the lock duties and the management of 
the navigable channel, the overseer will be expected 
to maintain the embankments and roads within the 
limits above specified in a» perfect state of order as 
regards the annual repairs and jungle clearances, 


VY. The Inlets which form a component part of the Bridge 
and of the Rajbuha Channels. 


I have before noted that, after the canal reachog tho 
high land of the Doab, the principle upon which tho 
works have been designed, precludes as much as possible 
the occurrence of inlet water; all flood water and country 
drainage ave thrown into the beds 6f rivers, which are the 
natural oscapes for them; and the works for inlet on the 
canal channel are confined to the rolief of the land lying 
in the immediate neighboywhood of the works. The 
inlets, in fact, from Roorkee downwards, consist entirely 
of masonry channels, cither attached to and forming 
component parls of bridges, or built in connection with 
the navigablo channelsy that pass round the falls. All 
tho inlets of this description have been go arranged, that 
tho admission of water into the canal channel should be 
through an opening, cither in line of revetment or wall 
of somo description or other, so that the effects of a 
current upon tho isolated head of a detached building, 
might ucither disfigure tho channel in the vicinity of the 
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inlob; nor load to dovintion in current which projocting 
parts of masonry are vory apt to bo the cause of, 

‘With this view, the inlots, which consist of a channol 
8 foot in width, terminating in a circular well or resorvoir, 
which acts as the recoivor, are built universally, oithor in 
connection with bridges, attached to tho waste channel 
of locks, or with their channel passing through a ghat, 
the steps of which act as a curtain of dofonco on tho 
canal side. 

The bridge inlets are placed in tho position shown 
at x in the following diagram :— 
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Tho roadways of bridgos throughout the wholo of 
tho works are horizontal, and tho ramps of approach aro 
eonsiructod on a slopo of 2 fovt in a hundred, oxcopling 
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on the lines where the Grand Trunk Road crosses the 
canal, in which case the slope is reduced to 1 in 100, 
The elevation of the bridge roadways, thercfore, above the 
surface of the country, varies with the depth of canal 
excavation ; taking itin extremes, the maximum is 18 feet, 
and the minimum is 6; the average height may be esti~- 
mated at 8 feet: it is clear, therefore, thet as the slope 
of the country and that of the canal are in one direction, 
the intervention of the ramps of the bridges must in 
their immediate locality interfere largely with the drain- 
age. To remedy this interference, the above species of 
inlet was devised, the top of the well at x being in all 
cases on a level with the high-water mark of the canal. 
Wherever (as was the case at Kunkhul as described in 
the former section) the surface of the external country 
in the neighbourhood of x is low, a sluico with shutters 
is arranged in the side of tho well, so that during periods 
of low water in the canal channel, the inlet may be 
turned to account. 

ft will bo observed that the inlet channel opens into 
that of the rajbuha, by which it-might naturally escape, 
without interfering at all with tho supply in the canal. 
Ag this is a point which roquires regulating, I haye, in 
addition to the necossary sluice arrangements at the head 
of the rajbuha (vido a a ig the diagram), placed corre- 
sponding ones on the down-stream side of the channel at 
b b, so that, if necessary, means may be offered for pre- 
venting the inlct water from passing down the rajbuha, 
by closing the sluices at b b, and leaving those at the 
head open. This double plan of sluices enables the 
supervising ostablishmeut to regulate the disposal of the 
wator, according to the exigencies of the moment. Theve 
will bo times when tho relief of the rajbuha channels will 
be of the greatest benefit; at other timos it might be 
inconyoniont from the rajbuha channel being out of order, 
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to allow wator to pass down ib; at any rato, tho moro fact 
of holding the powor of doing as wo ploaso with tho water 
is an advantago which cannot be too highly ostimatod. 

Independonily of the moro drainago-wator, which is 
intercopted by the bridge ramp, tho boundary ditches of 
the canal must nocossarily tond to bring down a supply 
from tho canal bank and land lying in its noighbour- 
hood: tho inlets will be of groat sorvico in disposing of 
this wator; and as the canal chokics in all cases aro built 
noé far from the inlct-head, and in the anglo formed by 
canal embankment and the bridgo ramps on its wp-stroam 
sido, tho ground in thoir vicinity can always bo kept high 
and dry, and ontircly froo from standing wator. ‘Tho 
bridge inlcts avo, in fact, adthirablo anxiliavics to tho 
system of oxtornal draimago, and will, ib is to bo hopod, 
relieve tho works from all superfluous water. 

Drains similar in dosign to those above-montioned, 
avo attached to the works on tho Solani Aqueduct in tho 
neighbourhood of Roorkoe. Tho workshop yard, and tho 
esplanade in front of tho main buildings, havo thoiy 
drainage disposed of by wells conneclod with tho canal 
by undorground channels, Similar inlots aro also at- 
tached to tho cattle ghats, for tho drainage of tho country 
in their vicinity. 

The esplanades on tho right and left of tho canal on 
iis approach to tho Gangos at Cawnpoor, havo inlets 
dosigned on the same plan, for their drainage, as well as 
for that of tho town and bazaargy which run parallel to 
them. a 

The spaco enclosed by tho navigablo ents, which aro 
designed for tho passage of craft at tho points on tho 
canal whore tho groat desconts or filly occur, is drained 
by inlots of a similar description to thogo abovo-mon- 
tioned. Those inlois aro connocted with tho wasto chan- 
nols of the locks, and tho rain-water thet fully upon tho 
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surface included between the line of main canal and that of 
the cut, is brought to bear upon the mouth of the drains by 
excavated channels. In the event, however, of the above 
islands not being sufficiently drained by the lock inlets,’ 
the contrical situation of which may in some cases bo 
inconvenient, I see no harm in supplemental drains being 
constructed at points near tho junction of the navigable 
with the main line: these inlet drains would open into 
the navigable, or lock channel, in which the body of 
water is comparatively small, and the consequent action 
of current moderate; their canal fronts might with great 
propriety be protected by a line of ghat, the advantage 
of which, in affording an approach to the water, will 
always be highly appreciated by the native community. 
As these well-heads would bo connected with the natural 
surface of the country, generally speaking, on its lowest 
levels, tho effect upon the drainage of the island would, 
undoubtedly, be benoficial. It will be evident, however, 
that in addition to the value derived from these well- 
hoaded drains 2s inlets for’ flood-wator, they act during 
dry weather in affording access to the canal supply for 
various purposes. The mango-graft plantations are 
invariably bituated near the bridgo inlets; and the 
nurseries of forest-trecs, and plantations for brushwood, 
are in all cases spread ovor fhe island formed by the main 
and navigable canals: to the whole of these plantations. 
they would afford the means of izrigation. The multi- 
plication of this species of inlet in connection with the 
islands, may possiblyybe economically convenient as 
affording the means of irrigation to tracts of plantations 
scattered over extended surfaces. I am by no means 
satisfied that this might not have been done with advan- 
tage in the first instance, although motives of economy 
prevented me from putting it in practice. 

Tho only species of inlot romaining to be dosecribed, 
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is that in connection with the bridgo-roadways, which in 
their passage over the canal aro flat; the drainage hero 
is offectod by vertical holes perforated through the crowns 
*of the archos, whoroby the rain-water passes off into tho 
canal channel. This method of disposing of roadway 
drainage is preferable in every respect to that of carrying 
off the water by side-chamnels, which aro invariably 
troublesome, and in many cases inconvenient. 





CHURGID AY ROORKEL, 
Dosigued and bush by Llentenat George Uetee, Ist Fuallleya,) 
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REGULATING WORKS FOR THE SUPPLY OF 
WATER AND SLOPE OF CHANNEL. 


Tris chapter may be divided into four sections :— 


I. Regulating bridges, 
II. Heads of branches. 
TI. Escapes, 

TV. Falls. 


Under the preceding, I include all works of tho above 
description which aro distinctly. connected with the regu- 
lation of the canal supply for the purposes of irrigation. 
It is impossible to draw a precise line between the first 
threo items of the present, and those described in the last 
chapter ; they do, in fact, during floods, act either in main- 
taining a convenient distribution of the superfluous water, 
or, ag in tho case of the escapes, in getting rid of it 
altogether: so under the hoad of Dams, which naturally 
fall under tho denomination of drainage, works of this 
description afford the means of regulating the supply for 
invigation during the dry months, as well as of relieving 
the channel from the torrents with which it comes in 
contact during the rains; the regulating bridges, more- 
over, are as distinctly a component part of the dams, as 
the sluices in the dams themselves, and are as necessary 
a part of their machinery during floods, as the sluices 
thomselves are. It will, however, be understood that the 
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prosent, chapter is spocifically dovoted to tho works for 
tho irrigation supply, whilst that on Drainage is confined 
to thoso for tho roliof of tho canal channel from what wo 
may call torrent water. 


I. Reaunating Bripers. 


With the excoption of tho Dubowli and Moosanugenr 
rogulators, which are connected with tho torminal works 
of the Cawnpoor and Etawah lines, under which hoad 
thoy aro described, this section is limited to— 

A. Myapoor regulator ; 
B,. Dhunowri do. ; 
tho dotails of which havo beon fully ontorod into in the 
last chapter. For drainago purposes, these works act aA 
dams across the canal channel for provonting cithor tho 
floods of the Ganges, or thogso of tho Rutmoo Rivoy, from 
gaining admission into it; thoy confino tho torrents to thoir 
own courses, and for this purpose they aro of the highest 
importance, For ivrigation purposes, tho regulators ab 
tho above points admit during the dry scason of tho 
supply being adjusted to tho poriodical dommnds for invi- 
gation; and in tho ovont of accidont 10 tho masonry 
works, or of a necossity for repair to tho channol, thoy 
provide the means of turning,the wator off allogcthor, and 
of laying the canal perfectly dry. To onsuro tho satis- 
factory and ready accomplishment of all tho details 
depondent on the working of tho machinery for closing 
and oponmg the regulators, porancnt working piurlies, 
consisting of four matey and forty boldms, aro addached 
to cach of tho bridges. Theso partios will be mider tho 
immediate control of an overseer resident on tho spot, 
who will subject them to discipline in poriodieal drill by 
working the apparatus, both of tho dam and regulators; 
monthly,,or oftoney if nocessary, an inspection of this 


OMAP. 11] AND SLOPE OF CILANNEL, 97 


part of their duty ought to take placo under the cyo of 
the Executive Engincor of the division; and tho director 
of tho works would on his poriodical visits consider a 
parade of tho whole party with tho ovolutions attendant 
upon the opening’ out and closing of tho dam and rogu- 
lators, 2 coromony with whick he ought to bo reecived, on 
his ronehing the works. 

Ti is, I holiove, impossiblo to placo too much weight 
on tho necossity for maintaining theso corps of working 
parties in the most officient stato of discipline, the safety 
of tho works will dopond upon it, and tho whole country 
may have to deplore the nogligence or incapacity of the 
working ostablishmonts of the regulators. I should be 
inclined 40 sclect ono of the best and steadiest overseers 
for tho chargo of cach of these works, and endeavour to 
make i a post of honour, as { would of cmalument, by 
giving cach ovorsecr an addition to his monthly pay of 
25 yupecs, providing accommodation for him also at the 
public oxpenso: tho dutios of these ovorsocrs would bo 
to look to tho efficioney (includ? g physical strongth) of 
tho party under his ordors, to seo to its boing proporly 
drilled, and to its disciplino boing maintained undor 
* orders provided by tho Txocutivo Mngincer of the 
division, , 

At Myapoor, tho ovorsogry’ dutios would oxtond from 
the Ganges (lo tho bunds and cmbanianonts on which 
his attention would bo givon) to the up-styeam sido of 
tho Jowalapgor bridgo; and it is supposed that during 
tho dyy poriods of tho yqar, when the dams and regulators 
woro little used, the beldavs who are dividéd into four 
gangs, consisting of one mato and ton mon cach, would 
bo sufficient to maintain tho whole of tho roads, and tho 
wholo of the ombenkmonts in a state of the highost 
order and tidiness. 

At Dhunowri, tho overseers’ duties wor 

Vou, I, 
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from tho Puttri supor-passngo on ila down-slream sido to 
the up-siveam termination of tho Solani aqueduct works, 
tho total distanco being G] miles, ‘Che remark that [have 
mado with rogard to tho duties of the beldars during the 
dry scason, would be equally applicnblo hore; and I 
imagino that the wholo of tho roads, embankments, 
and space betweon the canal bonndarios, including tho 
esplanades connected with tho works al Dhmnowri, may 
be kept in tho most porfect stato of ordor by the boldw 
partios. One of the chief duties of tho oversoor at this 
post, will be fo see to the officiont working of tho under 
channels at the regulator, to take caro thet they aro 
maintained in a freo and unimpeded state, und that no 
inundation is allowed to collect above the works. Rules 
on this subject, togethor with regulations for the discipline 
of the beldars, might, with great advantage, ba printed, 
and hung up in tho public buildings. I would recom- 
mend that those rules and regulations be printed in Hindi 
and Oordoo as well ag in Mnglish. 


TL. Heads of Branches. 


Theso works aro in form identical with tho rogalators 
described in the last section ; their prrposos, however, 
Axo moroly thoso of rogulating tho supply of water from 
tho main trunk to the braiches, ‘hey avo useful in 
giving us tho power of stopping supply altogethor, whon 
laying tho branch dry for vopairs, hoy are oqually 
useful when the supply does not oxeced tho capacity of 
tho branch in laying the main trmk dry, and of con- 
yerting tho Drench into an eseapo.  Colloctivuly, thoy 
may reliove tho main trunk, and with tho aid of the 
escapes, do all that is required without tho aid of the 
rogtlators doseribed in the first scetion, Practice and 
tho olectrie tolograph will rondor those works of tho 
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highost value and importance to tho rogulation of aupply: 
Thoy come under tho following hoads :— 


A. Head of the Fulliguwh Branch. 

B. Do. Bolundshuhur do. 

Cc. Do. Koel do. 

D. Works at tho Nanoon Fork connectod with tho 
terminal lines to the Ganges and the Jumna. 


A. The Futtigurh branch loaves the main trunk on 
tho lofi at the 50th mile of its course at an anglo of 
60 dogreos ; its supply is caleulated at 1,240 cubic foot 
por second, and the main trunk, after having disposed of 
this supply, passes onwards in a volume oqual to 5,180 
eubie feet por second. Tho slopes of the channels of 
both tho branch and main trunk are oqual, viz., 15 inches 
per milo, and the soil throngh which they pass consists 
of & combination of clay and sand, in which tho lattor 
predominatos. 

T havo in diagram 19, in tho second part of this 
paper, givon an ontlino of the works attached to tho 
branch heads; thoy consist of bridgos with shuttors, placed 
both across tho canul immediately below tho doparture of 
tho branch, and across the hend of the branch itself, tho 
up-stroam wings of tho two bridges being connocted by 
ewryed magonry rovetmont, and as high as tho lovol of 
tho berm, with a redan-shaped reteining wall, forming on 
anglo oqual to that of the departuro of the branch, saliont 
to tho sizveam. ‘Tho two sides of this redan ard designed 
in ghais or flights of stops, which give tho means of 
avcoss to the canal wator from tho esplanade ot a loyel 
with tho berm; tho highor loyols or platform correspond- 
ing ‘with tho roadways of tho bridges aro roached by 
stara laterally arranged in tho curved wall connecting 
tho wings. 

A first-class choki building is orectod on the delta 

na 
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formed by the main trunk and the branch, tho axis 
boing obtained by bisecting the saliont anglo of the 
roden: to this axis and at a distance from the angle, 
yarying according 1o circumsiaaces, tho choki building 
is laid out squaro and parallel. 

The bridges ave in all casos furnished with masonry 
floors in counterarch, resting on deop curtain walls, 
carried across the canal channel on both tho up and 
down-stream sides of the bridges, and with protectivo 
lines cither of shect-piling or walls, the intermediate 
space being filled with hoavy material, on the samo plan 
as has beon described elsewhore. Tho flanks of these 
bridges are also covored by oither piling or retaining 
walls, and throughout tho whole of tho sorios thoro has 
beon no deviation from tho standard plen as originally 
laid down. The gates and apparatus for oponing and 
shutting ave precisoly the samo as those which havo 
been figured in diagram 73, fig. 1, of tho last chaptor. 
They consist of a drop gato 6 foot in depth, which is 
hold in suspension by bar chains fixed to windlassos, 
On closing the canal, thoso gates aro rolioved from. their 
suspended position, by raising tho ratcheb catchos with 
tho ond of a mavlin-spiko, tho attachod chains betny 
afterwards romoved by tho hooks being detached fram 
the gatos by a lateral movomont. Sloepors aro droppod 
one above anothor on the top of the gato until the bay 
is sufficicntly closed. To close and open ono of those 
bays with the apparatus above doseribed, tho time 
ocenpied is about 83 minutos ;;and considering that in 
the case of the branch heads time is of less importance 
than it iy ab tho dam regulators, and that lonkago is, 
to a cortain oxtent, of uo consideration at all, the 
establishment that is provided for the working of the 
machinery will do ample justice to tho dosign, simplo 
as ibis, and as it ought to be, 
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Theo abovo is a genoral outline of the whole of theso 
works, which vary in no matorial degree beyond that 
of extent of waterway 10 tho bridges, and in the value 
of tho anglo of departure. 

Tho regulator over the main canal at tho Futtigurh 
branch hoad, has 9 bays of 20 fect in width each, tho 
hoight of cach bay being 17 fect from the flooring to tho 
soffit of tho arch. That ovor the branch head has 4 bays 
of the same dimensions, Tho maximum height of water 
with a full supply in tho canal is cqual to 10 foot, in 
which caso the lowor 7 foct of the branch bays would be 
clasod, so as to admit of the full quota being given to it 
by an overfall 8 feet in dopth, flowing weix fashion over 
the top of the slecpers, A depth of 8 fect falling frocly 
as in the above caso, from a reservoir, would give a dis- 
chargo por second for cach 20 foot oponing equal to 
852°92 cubic feot, or for four openings 1,411°68 cubic feet 
por second, tho legitimate supply boing 1,240. I have 
not’ thought it worth whilo, howovor, to graduate tho 
dischargos below oqual depths of six inchos; a division 
which for all* practical purposes will, for some timo at 
loast, bo sufficient, With four bays at tho supor- 
intendont’s disposal, however, he will be able to 
rogulato tho discharge in a varicly of ways; but whon 
tho branch is not required for navigation purposes, tho 
mothod above doseribod affords tho simplost, and at 
tho samo timo tho most accurate measurement, 

Tho width of tho roadways of the above bridges 
ig 18 foct, and thoy provido communication betwoon 
tho town of Mozuffurnuggur and the Sookurtal Ghat on 
the Ganges, on the high and direct road between the 
formor town and that of Bijnoro. 

Tho works are built ontirely of brick mayonzy, from 
bricks manufactured in native kilns ostablishod in the 
neighbourhood; tho size of brick being 12”x 67x38” 
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Tho grooves for the gatos and slecpors are linod with 
slabs of Agra sandstone, with which tho cutwatorg in 
which tho bitt hoads yest aro capped. 

Tho proportions of matorials used in tho comont aro 


as follow :— 
2 parts of Marth Lime. 
1 part of Soorkee, 


Those for stucco or plaster aro :— 


1} parts Stone Lime. 


Let Coat, 4 | part of Soorkee, 
2 parts Stone Lime. 
Bad Dow 44 part of Soorkee, 
8rd Do. 7 parts best white Stone Lime. 


1 part of Soakee, 


Tho quantity of matorial and tho ratos chargod for 
the different specics of work, will ho found in tho 
following table : — 


Content of Work. Matorials, 





Cubic feet Square fea Bricka Marth 5 
lof masonry,} of Plaster [various sizes Lime, Honrkeoo, 


$——| — M$ $] rrrrrrennn rennet 









Cubic foot. | Cubie teat, 





Masonry —. {| 136,046] 38,568} 1,020,815 | 46,849 | 28,6714 
tha AC OY 
Aych Masonry . +» 14, 8 4 per 100.cubio feet. 
Plains, . » 1201 ” ” 
Plastering. ; » 4 9 98 per 100 superficial foot, 


Tho total cost agrocably to the bills of the oxeeutivo 
officers was :— 


a 
Masonry. : . z . : . 20,202 a Ty 
Protection Work . 7 : . . » 6,078 8 2 
Earthwork é : a i : ‘ » L681 1 9 
Plastering. i A 7 . . » 1,648 16 6 
Metalling . i ‘ i , . uno 4 0 
Probable Cost of Work still to be dono . » 4,876 0 0 


Total Cova Rs. , « 84,646 14 9 
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The work was commenced under the supervision of 
Liout, EH. Fraser, of the Engincors, and eomploted under 
that of his suecessor, Mx. Read. 

B. The Bolundshuhur branch leaves the canal on 
the right bank, at an anglo of departure of 60 degrees ; it 
is situated at the 110th milo from tho Myapoor regulator. 

Tho bridgo over the canal has cight bays of 20 fect 
in width cach, tho height of oach bay being 14 foot from 
the flooring to tho soffit of tho arch. - That over the 
branch consists of ono contro bay of 20 fect in width, 
and two side onos of 15 fect each; tho total width of 
waterway being 60 feet, the height of these bays is the 
same as that of tho canal regulator, Tho roadways 
over tho bridges aro 18 fect in width, and thoy afford 
communication betweon Delhi and Gwmookteesur. 

Tho supply for this branch is equal to 520 eubie feet 
por socond, and the main trunk, aftor having disposed 
of this supply, passes onwards in a yolumo equal to 
4,880 cubic foot. Tho slopes of tho channel of both 
tho canal and branch are at the point of soparation. 
oqual to Lipinchos por milo; tho soil is of a con- 
sistoncy like that at the Futtigurh head; the founda- 
tions, howover, ave laid in sand, but well protected, 

In other respects tho dotuil of construction is similar 
to that which T havo doscribed as tho standard for all 
works of this description. 

'Tho maximum high water which will stand upon tho 
rogulutor at the Bolundshubur branch hoad is theoroti- 
cally equal to 8 foot., For tho supply of the branch 
undor such circumstances, it is sufficiont to givo a 
suporficiel flow over tho gatos and slocpers (which 
would bo adjusted accordingly) cqual to 2 foot in 
dopth: this, agrocably 10 tho formula of discharge 
which has boen used throughout theso calculations, 
would bo equal to 479'4 cubic foot por second, 


. 
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Theso works aro, with the oxcoption of tho arches, 
built entirely of blocks of Kunkur, brought from the 
quarries at Bheel and Dotana. ‘Tho arches avo of 
brick of tho size usod at tho Futtigurh branch hoad. 
Tho groovos aro lined, and eappod with Agra sandstone 
slabs, and tho whole work is oxtornally stuccocd. 

The proportions of matorial used in tho comont ara:— 


1 part Kunkur Lime to 1-20th of White Stone Lime. 


The quantity of material and the ratos chargod for 
tho different specios of work, will bo found in the 
following table :— 





Content of Work, Materials, 





Cubic feet Square fect} 3 inch Block | Stone | Kunkur 
lof Masonry| of Vinster,| Bricks, | Kunkur, | Lime, | Time, 








Maunds, |Maunda) Meaunds, 
Masonry . | 102,817] 48,552 | 282,204) 110,182] 191] 28,621 


nee gnen 





mR oA Pe 
Arched Masonry 16 0 0 per 100 eubie fevt, 
Other Dao. ‘ 138.7 0 te ” 
Rates Plastering . . 2 6 Of por 100 nquare fact, 
*) Metalling ’ . 2 0 0 ” ” 
Bitthonds a ee 15 0 0 cach. 
Windlasses » 8000, 


The total cost agrocably 40 tho billy submitted iv ns 
follows :— 


Mh oA, OD 
Masoniy : < . . ‘ « 14,818 156 8 
Plastering. > Ae . . 1122 12 8 
Metalling ‘Approaches . ‘ he ck 210 0 0 
Protection, * ’ Fi ; » 1,555 4 5b 
Woodwork . . + 1,050 0 0 


Required to complete wood and i iron worl 2,000 0 0 





Total Co's Ra =. 20,767 10 4 


This work was begin end complotod by Mr. Philip 
Yolk, tho officor In oxcculive charge of tho division. 
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C. Tho Kool branch loaves the canal on tho right at 
the 152nd mile-from tho Myapdor rogulator, With 
excoption of tho-byidgo over tho main trunk haying only 
six instoad of oight bays of 20 feot cach, tho Koel branch 
works avo in evory way similar to those at the Bolund- 
shuhur head; the anglo of departure and tho slope of 
bed boing the samo in both casos. Tho width of road- 
ways is the samo, and the distribution of Kunkur and 
brickwork in tho construction of the buildingg is in the 
same proportion. 

Tho Kool branch head affords a cross line of 
communication between Chundos and Anoopshuhur. 

The maximum high water on the Koel regulators, 
agreonbly to tho tablo of discharge, is equal to 8 feet; 
the supply for tho branch is cqual to 520 cubic fect per 
socond obtained, as in tho caso of the Bolundshuhur hoad, 
by an overfall on tho sleopors of 2 fect in depth; the 
hoad itself having a total waterway of 50 feet in width. 
Afloy disposing of the supply to the Koel branch, tho 
main trunk proceeds onwards, carrying a volumo equal 
40 8,580 cubic foot por second. 

Tho proportions of material used in tho coment are 
as follow :— 


1 part Kunkur Lime to 1-20th of White Stone Lime, 
Tho total quantity of matorial usod, together with 


yatos of tho different doscriptions of work, aro shown in 
tho following tablo :— 





Content of Work, Material capended, 





Block {| Stone | Kunkur 


Gubie feet Squire feet) 3 inch 
Kunkur, | Line. Lime, 


lof Masonry} of Plaster.} J3rlels, 








Mauods, |Maundsj) Muunds. 
93,100 } 2864 | 25,385 








Masonry . | 87,149 | 45,508 | 162,145) 
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ms AT, 
Arch-Masonry . ‘ 16 0 6 per 100 oubio fret, 
Other . cramer) l4 4 tho ” 
Plastering es oe 2 8 5 por L00 square feet. 
Rates, Metalling . 20 0 i F 
Bitthends . : i 15 0 O cach. 


Windlasses . . go 0 0 y 
The total cost agrocably to tho bills submittod is: 


Ra, 


At 

Masonry . ‘ F . . , . 11,878 1 8 
Plastering . eR i . L008 0 9 
Metalling Approaches . ' ‘ ' fi4 12 9 
Protection 7 : . . . 2,727 0 0 
Woodwork : i . 1,125 0 0 
Required to complete ‘Wood and Ironwork 1,500 0 0 
Total Co's Rs. 18,252 11 9 


Tho Koel branch head works wore bogin and com- 
plotod under tho management of My, Philip Volk. 


D. Works at the Nanoon fork. 


Tn principlo and dosign these works aro similar to 
those before deseribod, hoy constituto tho hoads’ of 
tho two terminal lines into which the main trunk is 
divided on its roaching the 180th milo of its covrso. 
Whorons, thorofore, the Vuttigarh, Bolundshuhur, mid 
Koel branch hoads may bo considered as subordinate 
to the works on the main trunk, those that Cam now 
about to doseribe aro a componont part-of it. ‘tho 
position of tho two hoads with voloronco to the main 
canal on its approach to the point of soparation, is laid 
down with a view to obtaining for cach of thom an oqual 
supply of water, For this purpose, tho longitudinal axis 
of tho main canal boars contrically upon tho paliont 
angle which soparatos tho two hoads; tho axis in foeb 
bisects tho saliont angle, and by so doing, gives an 
equable adjustment to tho curront in its bearing upon the 
two heads. The slopes of the canal bed boing equal, 
viz., 15 inchos per milo; the anglo of ineidoneo and 
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departure boing adjusted as before doseribed, and tho 
capacitios of tho bays of tho vogulating bridgos them- 
selves boing of oqual dimensions; the offocts of tha woar 
npon the beds of tho channels immediately below the 
bridges, appear to be the only probable source of dis- 
arrangomont. 

The canal supply on its reaching the Nanoon fork 
will amount to 8,250 cubic foct per socond; and it is 
supposed that the depth of water undor this supply will 
be equal to 8 feet. It is necdloss to discuss the mothods 
of regulating tho admission of tho canal water into the 
heads of the terminal lines, or to detail the usos that may 
bo made of caclr soparaic regulator, further than to say 
that tha means aro provided for laying cither ono or 
other of tho branches dry, and that this can bo effected 
under any mnount of supply in the main trunk by tho aid 
of the escapes which lic immediately abovo them. 

The 1st class choki in consequence of tho abovo 
doseribed position of the axis of tho main trunk, and 
from tho form on which tho dosigns of those works are 
lined out, boing built on the axis, bas an aspect boring 
directly upon the slignoment of tho main channel. Tho 
bridgo roadways aro 26 foot in width, and thoy aro crossod 
by the Grand Trunk Road in its passago from Cawnpoor 
to Alligurh.. 

Theso works aro, with the exception of tho archos, 
built ontirely of Kunkur; the arches are of brick of the 
usual dimension of 12x 6x8”, 

The proportions of material usod in the cement aro 
as follow :— 


1 part of Kunkur Lime to 1-20th of White Stone Lime. . 
Tho total quantity of material, as woll ag the rates 


at which the work was oxecuted, will bo seen by tho 
following tuble :-- 
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Content of Work, Materials Js pended, 





Cubic feet |Square feot} 8 inch Block Stone | Iunkeuy 
lof Masonry! of Plaster.| Bricks, | Kunkur. | Lime. Lime, 


Maunds, [Maunds,| Mounds, 


Masonry . | 132,228) 48,772 | 228,400] 103,325) 105 | 86,187 








RS ALP 
Arch-Masonry . : 1B 0 0 per L00 onbie feet, + 
Other ‘ e * 12 010 i. 
Plastering . : ‘ 113 6 per 100 square feot. 
Rates| Metalling . . 19 0 5 » 
Bittheads : . 15 0 Ocnch. 
Windlasses ~ ° 30°00 0~;, 
Tho total cost agreeably to tho billy submitted is : -- 
RS, AM, 
Masonry Work . : . . . gst 7 6 
Plasiming =. ' ' ‘ 807 1 7 
Metalling Approaches, eo amet » 21388 9 0 
Protection . . . . 2,074 12 10 
Woodwork . ‘ 960 0 0 
Required to complete Wood and Ironwork 1,500 0 0 
Total Co.’s Rs, » 22,364 14 11 


The Nanoon regulators wore begun and complotod 
by Licutenant Morrick, of tho 8rd Regimont of Nativo 
Infantry, undor the supervision of My. Philip Volk. 

A question may ariso as to tho advantagos or othor- 
wise of having converted tho bridges, to which tho 
machinery for rogulating the supply is attached, into 
roads of* communication for thd public, ospocially in 
casos whero such roads aro the high lines of the 
country, passod by crowds of people, and open day ani 
night to the constant passazo of mail carts and trains 
of waggons. Bofore closing this soction, thoreforo, I 
may,.in adverting to the causes which havo led to this 
arangemont, point ou thal it was obviously ono of 
economy, and that it has boon prgctised elsowhovo, 
although in casos whero tho amount of traffic was com- 
peratively small, The Kulsca rogulator on tho Huston 
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Jumna Canal lies on the high road betweon the town 
of Saharunpoor and the Timli pass, which is tho main 
wostorn gate through the Sowaliks into the Himalayas ; 
it connects Seharunpoor also with tho towns of Behut 
aud Raipoor, two of tho chief police stations of the 
district. The traffic over this bridge, although loss 
than that which passos ovor tho Ganges Canal at 
bridges similarly situated, is considcrablo ; yet tho only 
inconyenienco that has been experienced is in the petty 
pilforing of iron from tho sloopers and windlass apparatus; 
tho more probable objections of the working of the 
machinory boing interfered with by the constant passage 
of mon and cattle across the roadway have not been 
roalized. On the Ganges Canal works, including the to 
rogulators of the first section of this chapter, thoro aro six 
points ab which bridges having machinory for regulating 
the supply aro used for tho public convenience ; of those 
the Myapoor regulator, and tloso crossing tho terminal 
lines at Nanoon, are the most prominontly connected 
with extonsive thoroughfaros, 

Tho Myapoor bridgo is tho main connecting link 
botwoon the towns of Hurdwar and Kunkhul, and during 
tho annual fairs is litorally not only crowded with peoplo, 
hut is travqrsed by « continued stream of oquipagos. 
At this point if would have been hardly possible, laying 
ceonomy out of the question, to havo had a separate 
bridge for the convonienco of tho public; tho shuttor 
arrangements, although liable to bo called into requisi- 
tion xt any moment, ayo chiofly for the purpose of keop- 
ing the floods of the Gangos River out of tho canal 
channol, and are, consequently, most in use during the 
rainy months, that is to say, for the four months from 
Juno to September: the only cause for their being used 
a, other periods of tho yoar would be on tho oceasion of 
floods ocewring during the cold worther and at msoa- 
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sonable poriods during tho romaining months: accidonts 
to the canal works might lead to cither a partial or 
goneral working of tho Myspoor gato apparatus: but, 
as a gonoral rule, tho active period for ils uso in daring 
the four months above specified. Tho great concourno 
of people takes placo during tho month of Apvil, ut the 
time of tho annual fair, when tho probbilities of the 
gates being called into requisition uve exceedingly small. 
Tho bridge roadway, being 37’ 9” in width, ig aufliciont 
at all other times to give freo room for tho working of 
the gates, as well as for tho passage of tho public: it 
was considered, therefore, that there would have been 
no objoct in separating the regulating appeals from 
the main thoroughfare at thiy particular point; and ax 
the Kunkhul bridgo, which is situated two miloa south 
of the regulator, has beon provided for tho additional 
convenicnco of tho towns of Kunkhul and Tlardwar, 
that further means of cross communication wore wnno- 
cessary, I do not anticipate tho slightest inconvenionce 
cither to the works or to the comumnify from tho 
arrangements which have boon adopted in thin edo. 
Again, at tho Nanoon fovk, whero tho whole tullic 
botween Cawnpoor aud Alligurh is carried over the regu. 
lators attached to tho heads of the two terminal lings, 
may obsorvo, that tho uso of tho regulating apparntus will 
nover bo so constant, as to cause intorrmption cithor to 
the works or to the community, that as tho bridge road- 
way is made of inerensed width, and the roads thomsolyos 
are laid out so as to give the uimost facilily of approach, 
there appenrs to be no verson why a separate bridge should 
havo boon built at a cost of 15,000 Co.'s rupoos, for the 
conveniences of the Grand Erm Road, whilst tho presont 
regulators which must have boon in close proximily wore 
lanited to canal purposes. Ab any rate cousidered ws ue 
exporimont the plan carried ont has the morit of economy ; 
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with the advantage (supposing tho road authoritics find 
by experience that tho communication offered by tho 
present line ig an inconvenicnt one) of leaving the 
question of building a second bridge for after con- 
sideration. 

Tn tho four other cases whore regulating bridges come 
in contact with high roads, tho absonco of extensive 
thoroughfare renders thom of no inconvenience. 

Tho abovo remarks will show that doubts havo existed 
in my own mind as to the propricty of turning these 
works to the double purpose to which they have been 
converted ; and there can be no question that economy 
had vory great woight in influencing the dctermination. 

In closing this section of the chaptor, it merely 
remains to point out the viows I hold with regard to the 
ostablishmont which ought 10 bo maintained for tho 
working of the regulators at tho heads of branches. 1 
am inclined to place this on the samo footing ag that of 
tho togulatory in tho Ganges khadir described in Section L., 
giving to tho boldars tho samo dutios, and making thom 
responsiblo for tho maintonanco of tho banks, roadways, 
and osplanades within a defined limit of their post. Undor 
this viow of tho question, and considering that tho maxi» 
mum number of gatos at oach branch hoad, which may 
bo roquired 10 bo worked at one time, aro those over 
tho largest channol, I should define tho ostablishmont 

‘thas i— : 





Number of Gates, 


Main Branch, 





1 Vuttigurh ead 9 4 4 gangs of 10 men each=40 
2 Bolundshuhur lead 8 3 1, of ” =d0 
8 Kocl Head . . . [* 6 8 34, of ” =30 
4 Nanoon Head .. 5 5 2 5, of 7 =20 


a” 





112 SUPPLY OF WATER [pane ITT, 


This providos four mon fo cach gato, giving in tho first 
threo casos a surplus which is dosivable from tho magni- 
‘tude of the volume of wator, as woll as for maintaining 
tho gangs on an equal footing. Each gang of ton men 
would have a mate, and bo subjectod to tho samo dis. 
ciplinc, and ontrusted with tho same dutios as ara laid 
down for the establishmont attachod to the Myapoor 
and Dhunowsi vogulators ; and (as at those works) tho 
directors’ rules and regulations printed in English, Mindi, 
and Oordoo, should be hung up in tho public buildings, 
and posted in conspicuous situations. 


I. Escapes. 


The Ganges khadir on its whole length from Myapoor 
to Roorkee has no works which can bo spocifically 
classed under the above denomination. I havo heforo 
noted that the dams at Myapoor and Dhunowsi, although 
to all intonts and purposes gapablo of affording oxcapo, 
and therefore used for this purpose whenover required, 
come more distinctly undor tho classification of drainngo 
works in the chaptor doyoted to which they hayo boon 
deseribod. On all occasions, however, where tho supply 
passing over tho Solani aqueduct roquires modification, 
either the sluices of tho Myapoor or Dhinowri dam aro 
put in requisition. 

Tt is on tho high land of tho acti, and aflor tho 
water has passed the khadir of the Gangos that tho works 
which aro placed undor this section begin to develops 
thomsclves. Ut will bo understood that from various 
canses, especially thoxo volabing to local irrigation, and 
frequently 1o & somewhat capricious and irvogular absliao- 
tion of the wator from the main channel, the oquiliirium 
which thoorotically oxists botweon the supply and tho 
capacity of channel at givon parts, must bo linblo to ba 
disturbed. For instanco, theoretically the abstraction 
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por mile for the purposos of irrigation is uniformly (on 
a lino of 860 milos), equal to 8 foet per milc, on which 
assumption the sizc of the channel is excavated. It is 
porfectly clear that on such a long line, extonding from 
tho foot of tho mountains whoro the climate is moist, to 
regions whero, hygromotrically speaking, the climate is 
entirely changed, tho demands upon the supply must not 
only vary with regard to climato and soil, but musi be 
perpetually dopondont on local rain-falls, the oxtont of 
which in those provinces is very remarkable. Those 
irogularitios, necessarily attendant on local causes must 
be met by efficient remedies, and in this case by providing 
outlots at stated distances along the line of channel, so 
that in the event of a superabundant supply (which is 
obsorved by a water gaugo established for the purpose), 
tho extra wator may be passed off and allowed to escape 
into sido channels. I have beforo alluded to the rajbuha 
heads and their channels, as the safety valvos for main- 
taining an equilibrium undor oxcess of wator; thoy will 
undoubtedly act in this rospect most boncficially. The 
works, howovor, which I am now describing, axe speci- 
fienlly for tho purposo of regulating the channel supply, 
and for maintaining it at such a dopth as may be most 
conveniont to tho works, or most usotal to tho cultivators. 
Jn dosighing {heso works I havo laid down the following 
rules for my guidanco; and although from lochl causos 
thoy have not always boon strictly ationded to, thoy havo 
boon followed to an extent sufficiont to moot tho purposes 
which are contomplated. 

1st. With referonco to ‘ position,” I have limited 
tho distance bolwoon the cscapos to 40 miles, considering 
that by adapting their capacity for outlet to the volume 
of wator containcd in tho 40 miles of channel to which 
thoy are intonded to provide tho means of escape, tho 
facilities for rogulation will be ample. 

VOL, II. 1 
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Qndly. In tho sandy tracts which constitute tho olo- 
vated rogion lying above the Gangos and Wost Kalli 
Nuddi; to multiply the numbor of ogeapos rathor than to 
increase their waterways; to oncountor tho difficulties of 
contending with large volumes of wator in detail, rathor 
than in fnass; and to facilitate and ongo off tho passage 
of the oscapo-water by longth of channel, as well as by 
artificial protective expodionts, 

8rdly. To fix the sitos of all cseapos in anch a 
position that thero may be a plungo into tho bed of 
the vocoiving channel, and that tho high-water mark of 
the latter may in no caso interfere with the freo dischargo 
of tho wator from tho canal. 

4thly. To make tho escapo buildings a componont 
part of other works,—or, should this not bo possible, to 
placo them in such close proximity to bridgos and chokiow, 
that they may be easily accossiblo and properly looked after, 

6thly. Indepondently of original excavation which is 
dovisod simply on economical principlos ; that tho oscapo 
channol when perfected shall, in addition to tho initial 
slope of 12 inchos from the bed of tho main channel, 
which is given to tho tail of tho cserpo heud, hayo a 
slope of bed equal to 1-6 feob por milo, the sttporflacus 
slopo being overcome by pormanent works in masonry, 
adapted to the particular civeumstances mdor which tho 
oscape channol is situatod. 

Yrom Roorkeo, thorofore, downwards, tho silos of 
escapos for tho reliof of tho canal channel heve boon 
determined on the above principles, unless thera Tuve 
beon veasons which will bo fully expluined, for their 
having boen doparted from. 

Tt will be advisable for tho sake of distinctnors Lo 
divide tho escapes under different hoads. 

A.—Those on the main trunk botwoon Roorkeo and 
Nanoon. + 
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B.—On the Cawnpoor torminal line. 


C.—On tho Eiawah do. commencing with 
A, we havo on the main trunk :— 

1. Tho Khutowli Escapo : . 62nd milo. 

2, Muhummud Aboo’s Hscapo » 69th do. 

3, danni Khoord do. . BYth = do, 

4. Moondakhora do. . . 14dsi do. 

5. Kasimpoor do. . » 166th do, 


Vivo different works, situated at distances from the Mya- 
poor regulator, as shown above. 

Now, the threo leading itoms, viz., the eseapos at 
Khutowli, Muhummnd Aboo, and Janni Khoord, aro for 
the reliof of the channel at points whore, from the large 
volume of water that it has to carry, aud from the nature 
of the soil through which it is conducted, most especial 
caro is required. These threo escapes may bo considored 
under the second head of my rules for guidance, as two 
outlets divided into threo soparato lines: thoir width of 
watorway in tho aggrogatlo is equal to 180 fact, and as 
soparalo works, thoy provide a dischargo of 60 feot in 
width; cach work consists of ton bays or sluicos of 6 fect 
in width oach; and thoy oach throw thoir water into the 
valloy of the Wost Kalli Nuddi, wndor cirewnstancos 
peculiarly frvourablo with roforonco to declivity of channel, 
allhough from the sandy naturo of tho soil through which 
tho bed iy oxcavated, and the amount of fall to bo ovor- 
come by masonry works, the complotion of these escape 
linog will bo » hoavy item in tho oxpendituro, 

Taking theso throo escapes in tho order of thoir 
precodcnco, wo first pass in roviow :—~ 


No, 1,—Tnn Kuvrownt Esoarn. 


This building is situated on the right bank and on 
the down-stream side of tho Khutowli bridgo, or that 
12 
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on the high road botweon Ssharunpoor and Moorut. 
Tho axis of tho bridgo and oscapo aro soparated by a 
distance of 550 fect. 

Tho West Kalli Nuddi, with which tho canal is con- 
nected at this point by an excavated chennol, 60 fool in 
width at its head, docroasing 10 20 feot at its tail, lios 
at a distanco of 33 miles, Advantago was takon of a 
ravine or tributary, which oxtondod inland for somo 
distance, to reduco the length of digging, by leading 
the line to its head. Tho map and goction of this 
portion of tho work are shown in tho following 
diagram :— 


Diagram 93 
KUUTOWLI [SOAPL 
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Tho total fall from the bed of the canal to that of 
the ‘Wost Kalli Nuddi is 20-2L foot ou a length of 
20,000 feat, or 8 milos 6 furlongs and 290 feot, tho 
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total fall per milo being 7-71 feet. To have completed 
this line with properly regulated slopes, and with the 
necessary works for disposing of the superfluous fall, 
would have been a work of considerable time, and an 
undorlaking domanding labour, and it would have oceu- 
pied the attontion of the supervising establishment in 
a way that would havo led to interruption to the works 
of the main canal lino, upon which more immediato pro- 
gross was indispensable. I therefore detormined, aftor 
clearing out the channel, so as to admit of a freo passage 
for the escape of water, to postpone tho execution of tho 
permanent works for the correction of the slopes, until 
the current, by acting on tho bed, had by its natural 
votrogressivo excavations, given us fixed points for 
establishing the masonry deseonts. Tho saving in 
oxponse, by thus pormitting naturo to perform the 
duties which wo must otherwise have dono by labour, 
ig vory great; and from the charactor of the work, and 
ow ability to zogulato tho water passing along tho 
channel, or even stop it altogothor, thoro could be no 
forr of accidonts or disarrangement; tho plan undor 
such circumstances was quilo a legitimate one, and T 
havo practised it universally in all tho oscapo channels 
connected with tho Gangos Canal works. 

Instoad, thoroforo, of carrying tho excavations on an 
uniform slopo of 14 fool per mile, until tho bed level 
struck upon tho slopo of tho valley, the abovo slope 
was givon 4o tho loading mile of its course only, or up 
to a° point whoro the channel is crossed by the main 
right rajbuha, to which a bridge of cross communication 
is attached: {vom this point the excavation was carried 
on a, dead lovel, by which 14 fect in depth por mile 
was saved. Tho bridge attached to the rajbuha has at 
its down-stream sido an ovorfall of 8 fect in porpen- 
dicular depth, constructod, in the ustial form, protocted 
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by flank and tail defonees, and in ovory way voady to 
moet the action of rolrogression. It will be understood 
that, by tho abovo arrangomonts, out of the total fall of 
29-21 fect from the canal bed to that of tho river, wo 
only dispose of 1 foot, tho amount of tail fall to tho 
escape hoad, 14 foot to the slopo for one milo of csenpo, 
and 8 foct for the masonry descent, or a total of 10} feot: 
tho romaining slopo having to be regulated by an amount 
of masonry descent equal to 15 feot, tho balance being 
dispogod of in the slope of the carthon channel. With 
the profilo of the country before us, and knowing tho 
slopes upon which it is our intontion to regulate the 
bed of tho escapo channel, it is obyious that the engincor 
can determine the preciso position in which, whon tho 
current has mado its own oxcavations, tho additional 
masonry desconts will havo to be built; ho, therofore, 
has collected on the spot matorial sufficiont to oxecuto 
the work with the greatest promptnoss, so as to preclude 
all chance of tho works which avo situated in tho roar 
being injured. 

T havo in tho abovo section noted tho prociso points 
at which the falls may bo built horcatlor, placing ax grout 
a distance betweon thom ns possible ; the most aconomical 
matorial to uso in tho construction of theso works will 
be masonry: by building them of tho bost brick and 
Innkw work in tho first instonco, ropair will be saved 
hereafter, as their position, detached altogether from: tho 
main line of works and consoquontly of patrol, will render 
them liable to less suporvision than would otherwise tako 
place. Ineed hardly dwell on the necessity of periodienl 
examinations of works of this sort, both by tho executive 
officer and the divector of tho works. 

Tho disposition of slopes and works on tho Khutowli 
Escape, with tho necossary data on Which they wore 
‘urangod, may be thus explained :— 
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Length of channel from main canal to the West Feet, 
KalliNuddi . eh Se be eH »  20;000 
Total fall from the bed of canal to the bed of river 29°21 
Slope at 1°5 fect per mile. ° ‘ . 5:68 
Tail slope of escape head =. : ‘ » 1:00 
—— 6°68 
Balance to be disposed of in masonry pls f » 22°53 
Of this in rajbuha bridge. 80 


At 2 points intermediate between the rajbuha 
head and the West Kalli ahs 2 falls 
of 73 feet cnch - . 150 


—— 28°00 

Tt is desirable that the masonry doscents should be 
placed at as great a distance from oach other as possible, 
so as to provent the accumulation of velocity on the 
heads; and to sccure this, the above rule of placing the 
falls equidistantly is probably the best; in practice, how- 
over, tho falls aro in all casos connoctod with bridges, so 
that thoir position on the escape deponds in a great 
moasure on tho high roads of the country. In all cases 
whore tho depth of channol is sufticiont, I havo designod 
the watorways of these bridgos in ono bay of 60 foet 
width. 

Tho total cost of tho oxcayation on tho abovo work was 
Co.’s Rs. 20,805-8-5, at a rato oqual to Co.’s Rs, 1-10-56 
por 1,000 eulic fect. 

Tho masonry head consists of 10 openings of 6 foal 
in width oach, thoir height from flooring to tho soffit of 
tho arch being 83 foot; the flooring is raised 2 foot abovo 
the canal bed in gradations doponding on the working of 
the gates and sleepers. Tho transvorse width of tho 
flooring is oqual to G4 feot, 40 of which form tho tail 
which is laid on a slope (inclining down-stroam) of 1 foot 
feom the level of tho canal bed. Tho flanks of this work 
aro protected by masonry revolments, and tho usual 
guards of piling and rubblo work, with which tho floorings 
wo also covered and protocted from the wear and tear of 
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tho cuxvont on its approach and departure, by box-work 
aprons. 

In consoquence of the magnitude of tho = anal 
embankmonts at Khutowli, and tho elovation of ‘their 
upper esplanado, which is 20} fect above tho canal bod, 
tho apparaius for opening and shutting tho sluicos has 
beon covered by a lito of building, tho roof of which 
corresponds with the highor-lovels, and, thoroforo, acts 
as a roadway, without interrupting tho communication 
on the bank. Tho supports for tho windlasses, which * 
consist of upright timbers placed in tho form of a cross, 
act algo as supports to tho roof, and givo groat additional 
strength to the building. It will bo secon by tho plan, 
Plato XXXVIL., that tho chains attached rm over an 
upper rollor, by which tho whole watorway is rolioved, 
by the gate being drawn up through tho slit mado in tho 
flooring, and raised as high as tho roof: the design is of 
the simplest description, ib is oxecedingly strong, and 
from its being protected from tho wonthor, and from 
disturbances arising from other causes, it is hoped that 
the working will be very efficient, 

This work is built with a combination of old and 
now brick, with comont consisting of tho following 
ingrodionts :— 

2 parts of carth lime, 
1 part of Soorkee, 


Tho total quantity of matorial used is equal to :— 


433,867 bricks of various sizes, 
19,288 cubie fect of lime (earth), 
a, on iz of Saorkeo. 


And tho rates at which the work was oxeeutod wore 
as follow :— 
mm A OP, 


Masonry ‘ . 18 741 per 100 cubic fect. 
Plastor Ons » 2 3 7 per 100 superficial fect, 
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This oscapo was begun by Licutonant Fraser of the 
Engineors, and completed by Mr. Rend, under whom tho 
adjustment of the machinery has beon managod. Its 
total cost was, excluding rogulating apparatus, Co.’s Rs. 
11,778-2-9, 


No. 2,—Munvmuup Anoo’s Escarn, 


Tho building at the head, with the exception of the 
covered in accommodation for the machinery, and the 
superstructure appended thereunto, ig the same as at 
Khutowli ; the bays, however, aro 18 foot in height from 
the flooring to tho soffit of the arch. The sluice gates, 
which axe of the same description as those at Khutowli, 
are worked by windlasses resting in the plain bittheads 
common to the canal works in thoso provinces. Thoy 
aro protected by a second-class choki which ig in close 
proximity to the work, 

The sito of Muhummud Aboo’s Escape is on tho right 
bank of the canal betweon tho 69th and 70th mile of its 
courso from tho Myapooy rogulator, It is tho most 
awkwardly sitmated of tho wholo of tho canal works, boing 
sopmated by a considerable distance from bridges of cross 
comununication. rom being on tho opposite sido of the 
canal to that pon which tho high road runs, accoss to it 
cm only be gained by crossing the canal, cithor al the 
Salawur or at the Uturna bridges; from tho former it 
is 18,265 foot distant, and from the latter 7,960 fect, 
It would be desirable, perhaps, to maintain an open road 
along the right bank of tho canal as woll as on the left, 
betweon the Salawur Falls and tho Uturna bridgo, by 
which moans froo access would be givon to Muhummud 
Aboo’s Escape, and the communication with this building, 
which is now rathor awkward, would by thogo means bo 
porfoctly facilitated, 
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The channol, as its namo indicates, is a portion of tho 
ancient canal dug by Muhwumud Aboo Khan. As will be 
seon by the plan in the following dingram, wo have taken 
possession of the lowest of two lines which appoar 40 have 
been formerly usod as heads for tho canal; tho lovels of 
our escrpo being carried in a counter-direction towards 
the river, which it joins undor urocdpoor. 


Diagram 94, 
ALOOS NULLA ESCATT, 








CANCES, 


a 


Tho disposition of slopos and works which avo 
required for this lino of osenpo will bo oxplainod by tho 
following :— 

Miles, Jt, 


Distance from the canal channel io the West 
Kelli Nuddi. 7 ‘ ‘ , ‘ 7 stl 


Total fall from bed of canal to bed ofviver 23°93 feet, 
Required slope ;—~ 
From the tail at escape head . » 4 1°00 
Channol slope on 7 iniles at 1:5 ft. per mile 10°60 
nee 11°50 


Balance, superfluous slope. : . + 12°48 feat. 
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To which it would be sufficiont to givo two descents of 6 
foot onch, admitting of two ‘bridges of cross communica- 
tion, to one of which tho line of right main rajbuha would 
be attached. I have, under the head of tho Khutowli 
Escnpe, stated that in all cases whore the dopth of 
excavated channel will admit of it, I have designed the 
watorways of these bridgos and falls in one bay of 50 fect 
in width, with a segmontal arch of 60°; this in round 
numborg givos a versed sine or rise 10 the arch of 7 fect, 
which with the hoight of pior, and thickness of arch, and 
superstructure connected with a supor-passage channel 
for the rajbuha, nocessarily limits this dimension of arch 
to certain localitics, where the dopth of digging is great, 
and where the bed of the rajbuha lics on a high lovel. 
By doubling tho numbor of bays and reducing tho width 
of oach to 25 foct, we diminish the vorsed sino to 3} fect, 
and reduce it to one-half of that of tho largo arch, and by 
these means are onabled to reduce the height of the supor- 
structure, and to adapt it to tho section of the oxcavated 
channel, J would in no cago reduce the waterways of tho 
bridgos below 50 foot in width, as independently of tho 
escapo wator from tho canal, tho channel will hardly pass 
through so long a tract without rocviving in its course a 
considerable quantity of country drainage, 

Tho design upon which Muhummud Aboo’s channol has 
boon oxeavatod, is tho samo as thal practised at Khutowli. 
The leading milo has beon excavated on a slopo of 1:5 
foot por mile, from which point it ig carriod on, on ono 
uniform lovel, naturo being allowod to work hor own 
progress in retrogrcssion of weax, and tho engineer having 
do moot the rotxogression by tho ostablishmont of por- 
manont works. Horo, as at Khutowli, the leading bridge 
with its fall is attached 1o tho main rajbuha, which is at 
tho timo that I am now writing in the course of con- 
struction, Tho natural woar upon the bed, therofore, 
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will take place between tho West Kalli Nuddi, and tho 
down-stream sido of this bridge, precisely as is tho casa 
at Khutowli; in that instance, howavor, two intermedinto 
falls hayo to be constructed, in tho prosent thero is only 
one. 

The capacity of channol a8 oxcavatod is reduced to 
tho most economical limits, being in rectangle 60 foot in 
width on tho Ist, 40 on tho Qnd, and 20 foot in width on 
the remaining miles of its length, tho sido slopes being 
at an angle of 45°. 

Tho cost of this excavation was Co.’s Rs. 84,807-6-8, 
at a rato per 1,000 cubic fect equal to Rs, 1-9-6°8. 

The hoad-work is constructod of kunkur and brick 
masonry, the disposition of tho material being tho samo 
as that universally adopted in this division of tho works, 
whoro kunkur is procurable. Kunkur being used in tho 
floorings and most massive parts, and brick clsowhero. 

The proportions of material used in cemont aro 28 
follow :— 

2 parts of carth lime, 
1 part of Soorkee, 

The quantity of material oxpondod, and tho ratos ab 
which tho differont specios of work wore oxccutad will be 
seen by tho following tublo :— 


Tages ov Worx. 


Rs. A 
Masonry . « 42 ; 6 per 100 cubic tet, 
Plaster 5 . od 8 Superficial fet, 


Marrnrars Exrunpny, 
425,610 bricks of various sizes. 
18,918 cubic feet earth lime, 

9,450 ao Soorkee. 


Mahummnd Aboo’s Egeapo was bogun and complotod 
by My. Read, tho oxecutivo officdy of tho Qnd division of 
the works. Tis cost was, oxcluding tho cost of regulating 
apparatus, Oo.’s Ra. 10,487-L1-7, 


. 
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No. 8.—Janyt Kuoorp [isoarn. 


This ag the third of the sorios of escapes attached to 
the upper portion of the main trunk on iis passing over 
tho high land of the Doab, is built prociscly on the same 
plan and with the samo extont of waterways, sluico 
mrangemonts, &c,, as has beon explained at the othors; 
it corresponds, however, with Muhummud Aboo’s Escape 
in regard to want of covor for the windlass apparatus, and 
absenco of superstructure connected with it. Tho height 
of the sluice openings from the flooring to tho’ soffit of the 
arches is equal to 114 feet, and their regulating apparatus 
is precisely similar to that at Muhummud Aboo’s outlet. 


Diagram 95. 
JANNI KHOORD ESCAPE, 
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Total tongth, § miles 2,025 foot 


Tho head ig situated on the right bank botween the 
87th and 88th milo, and at a distance of 1,180 foot from 
tho up-stream sido of tho Janni Khoord bridgo; 2 second- 
olags choki is built intermediately betweon the bridge and 
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the oscapa, for tho purpose of affording protection Lo tho 
latter work, and of kecoping tho ostablishment on tho 
spol. 

The oxcavated channol is similar to that beloro 
described, and its dosign with “roforonco to natural 
abrasion is the samo. 

The map of tho country, with tho profilo of tho line 
upon which tho oxcavation has beon owricd, are shown 
in the preceding diagram. 

The escapo channel joins tho Tindun Rivor at a point 
in its course, 20 miles below tho junction of tho Wost 
Kalli Nuddi; at this point tho bed of the Tlindun is 
38-06 foot below tho bed of the canal, a differoneo of level 
which will lead to works of 2 moro oxtonded deseription 
than thogo before described at the Khutowli and Muhun- 
mud Aboo’s oscapos. 

Tho disposition of works doponiing on this oxcoss of 
slope will be as follows :— ae 

; i, 


Distance fiom the canal to the Tindun 2 6 8 ANG 
(say 5 miles.) 
Total fall fiom the bed of the canal to the bed 





of the Iindun River. 7 ' . BH 06 foot 
Required slopo tor the tail of escape head LO 
Slope of channel at L+5 feet per mile fe Ar) 
a «80 
Balance, superfluous slope ' : 20 56 feol, 


To overcome which four fills of 7} foot will bo required, 
Of those four falls, tho loading one, or that nearest to the 
canal would be adapted to the passage of tho main right 
rajbuha, and the remaining threa would oceupy positions 
ab intormodiate distancos, providing tho moans of cross 
communication by bridges. 

Tho oxcavatod channol is in progross ab a rato of 
Rg, 1-8-0 por 1,000 cubic feot, 

Tho hoad-work is, as in the case of Mulumud Aboo’s 
Hiscape, built of kuukur and brick, tho fonmor being eon- 
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fined to the foundations and the massive parts of the 
structure. 
The proportions of material used in the coment are 

as follow :— 

2 paris of earth lime. 

1 part of Soorkee, 
The total quantity of material oxpendod, and tho rates 
charged for the building, aro oxhibited in tho following 
table :— 


521,010 bricks of various sizes. 
23,156 cubic fect of earth hime, 
11,578 » of Soorkee. 


rs A, OP © 
Masonry, including plaster . 14 7 11°8 per 100 cubic fect. 


The Janni Khoord Escapo hoad and excavated channel 
wore commenced and are being completed under the 
supervision of My. Read, and cost, oxclusive of the regu- 
lating apparatus, Co.’s Rs. 13,204-3-7, 


The abovo gives a gonoral outline of tho three escapes 
to which I havo before alluded, as combining in them- 
selvos a volicf to the main channel in its passago through 
tho carly and sandy districty of tho high land of tho 
Doab. It will bo understood from what I have before 
snid, that the works ag ab prosent constructed consist of 
an escapo hoad attached to tho canal embankments, and 
a passage for tho right rajbuha, tho latter being connected 
with a bridgo of communication and with a masonry fall 
for tho purpose of overcoming superfluous slopo, The 
channels of oscapo have also boen excavated go as to 
admit of an open passago for tho wator, and to givo free 
scope to tho objects for which thoy wore designed. Tho 
works in all threo cases are comploted as far down tho 
channel as the bridge over which tho vajbuha passes, and 
to which is apponded tho first masonry descent; beyond 
this point oporations for the prescnt havo consed ; the 
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complotion of the romaining ovorfalls, and tho adjust- 
mont of tho remaining slopos, being loft until tho action 
of tho current has clearod tho channol suiliciontly to 
admit of it, 

In recapitulating tho works allachod to tho threo 
oscapos above degeribed, tho following tablo will show tho 
work that has beon complotod, and that which rommatns 
to be dono ag opportunity offers :— 














Total Built or in To bo bullt 
ery required. Progiess, horeaticn, 

. Head, |alls,| Head, | Walls, | Feud | Walla, 
Khutowli Escape... 1 8 1 1 “ 2 
Muhummud Aboo's Iiseape| 1 2 1 I vee Ped 
Janni Khooid Escape. 1] 4 1 1 ‘ 3 





Thore are, consequently, six masonry desconts romaining 
to be built after the escapo channols have beon brought 
into use; of these, two at Khutowli havo a fall of 7}, foot 
each, that at Muhummud Aboo’s Eacapo of 6 foot, and 
finally three at tho Janni Khoord Tscapo, equal to 7} foot 
each ; the full waterway boing 60 foct in width, oithor in 
one or two bays, ag may be most conveniont 1o tho par- 
ticular sito on which the work is to bo built, Tho plans 
and sections of those ovorfills aro shown in Plato XLVI, 
of tho Atlas, - 





No, 4.—Moonpa Kumra Esoarn, 


Passing by tho hoad of tho Bolundshuhuy branch at 
the 110th milo which may bo considered us expublo on 
omorgencios of porforming tho duties of un escapo, wo 
atrive tb the Moonda Khora outlet, lying ab tho L41st 
mile, and at tho hoad of tho rapid doseent which takos 
placo in tho canal lovola of tho lowor oxtromity of tho 
main trunk. 
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The Moonda Khera, and its neighbour tho Kasimpoor 
Escape, aro to the lower what tho threo oscapes before 
described, are to the upper twach of the main canal in its 
passago ovor the high land of tho couniay. 

Tho influence that theso two works oxert upon the 
yegulation of tho supply in tho terminal lines into which 
tho main trunk is soparatcd at Nanoon has boon olse- 
whore adverted to; that now undor description 1 may 
ropeat, provides the moans of rolioving the canal on occa- 
sions whon tho Bolundshuhuy branch is thrown out of 
use, and its wator is tuned into the main trunk, which it 
also relieves from a large body of water at a point before 
it reaches the lowor levels in the neighbourhood of Alli- 
gurh. The Moonda Khora Escapo gives facilitios also for 
ropair 10 the masonry descents and works connected with 
thom, which lio on its down-stronm sido. 

At tho point of tho canal whore this work is situated, 
the alignoment has dogerted tho valley of the Jumna and 
its dopondent tributarics, aud is in closo contact with tho 
Hast Kalli Nuddi, tho river which provides drainago to the 
most northorly flat of tho Gangos. Tor a distance of 
10 miles in the neighbourhood of Moonda Khora, the 
Gast Kalli Nuddi and tho canal rum in close proximity, 
soparated from each other by a tract of country not 
oxceading 2 milos, and abl a point noar the village of 
Mamun, ebout 1} mile in width. 

Tho sito at Moonda Khora was seloctod as boing 
convenient from its proximity to tho site of a first- 
elass choki post, and to tho country lying botwoon it 
and tho sivor being well adapted for tho oxcavated 
channol, 

Tho following plan and profilo will, with the figurod 
description of tho disposition of slopes and works offor a 
fair explanation of tho valuo of this cscape, it bong 
understood that tho rangement bofore deseribed of 

VoL. II. K 
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leaving the current to act upor the bed mndor proscribed 
limits is still continued. 


Diagaam 96, 
Moonda Khera Fscape, 
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GASTKALUI NUDD! 


Distance fiom the main canal lo the hed of 
tho East Kalli Nuddi . . . «9,600 trot 


* Total fall fiom bed of canal to bed of Hast 


Kalli Nuddi i , 7 7 . Wd yy 
Tail slope for escape head. . . 1200 
Slopo of channel at [6 feet pee mile . 2°60 


= 80 y 


Balance, superfluous fall . 3 : 2% 18:05 feat, 


Yo which two masonry dosconts, onch with a drop of 
63 foot, would bo required. Tho leading doseont, which 
will, I imagino, be built noar the villago of Iuttipoor, will 
havo tho super-passage channel of tho main lofi rajbuhu 
allachod 40 if—tho second Jull will bo ostablished near 
tho villago of Mootazebad, noar tho crost of the high 
land on its deseont into the valley of the river. A width 
of waterway equal to 30 foot ought to bo given to the 
bridgos which cross tho oseapo. Tho chaunel has heen 
excavated on a width of 50 feel, aud a bed slopo of 125 
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per milo, Tho soil is of a tenacious quality, and as such 
is vory suporior to that with which tho upper escape was 
connected. 

Tho head of this line of escape forms a component 
part of an oxtensive sories of works connected with tho 
Moonda Khera Bridge; its axis is separated from that of 
the bridgo by a distanco of 484} fect ; it lies on tho loft 
bank and is joinod to the bridgo itself by a line of ghats 
or stops, which mect the faco of the bridge in an ogee 
curve ; similar ghats and works of protection to the right 
and opposite sido of the canal, aro also built in corre- 
spondonce with those on tho left. 

The bridgo which lics at a distanco of 1} mile or 
thereabouts from tho town of Khoorja, acts as the main 
lino of communication betwocn that town and tho country 
on the left bank of the East Kalli Nuddi, Botiween the 
bridgo and tho escape hoad, and in tho centre of an 
esplanade is a first-class choki building; the works are 
considorable in oxtont, and will, I think, bo found to ha 
conveniently situntod. 

Tho dosign of tho head differs in dotail from that of 
works before doseribod. As built on the left or road side 
of the eanal, aud consequently conncetod with tho towing 
path, it was necessary to maintain an unbroken passage 
along tho berm, In this region of tho works, morcoyor, 
tho quantity of carth oxcavated from tho channel did not 
nocossilato the raising of the ombankments to an immo- 
dorate hoight, leading to the doformity which oxists more 
or less on the wholo tract oxtonding from Myapoor to tho 
{10th mile. At Moonda Kheva tho section both in berms 
and esplanados is oquably formed, and tho cartbwork is 
allogothor of a moro compact description, and of a moro 
uniform chavacter than it is in the upper districts. Tho 
above advantages, added to the towing-path arrangements, 
have, as 1 said before, led to modifications of the plan 

K 2 
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before deseribed. Tho sluicor, ton in number, and cach of 
thom 6 foot in width, aro arehed over, both on the full 
width of the berm and roadway, so that a feeo passage in 
open on both—tho former being on a lovel with the 
oarthon borm, and consequently dopressed to an uxtont 
of 2 feot below that of tho roadway. 

The sluico gatos aro worked by windlassos and tho 
usual apparatus, through slits or apertures silnabed bo 
fveon tho borm and tho bank on tho canal side. The 
cutwaters also which lie at tho mouthy of tho sluices aro 
fitted with groovos for slecpor planks. Tho tail flooring, 
or that which lics on tho down-stream sido, and towards 
tho oscape chamnel, is 40 foot in longth, on tho ful width 
of the work; the flanks on the right and left of tho tail 
aro raised to v hoight of 12 foot, so as to admib of tho 

_uppor osplanades boing rotrined on equal levels. A 
plan of this work is given in Plato XXX'VITL. of tho 
Atlas. 

The masonry, with tho oxcoption of archwork, 
and finishing, consists ontiroly of block kunkur; tho 
coment which was used being of the following propor 
tions ~~ 


1 part Kunkur lima fo * 
1-20th of white stone lime, 


Tho Moonda Khora Eseape hond is 2 component part of 
tho bridgo and ghats at that place, in the cost of which 
it is included. The following aro the vatos ab whieh 
it has beon oxeentod -—~ 


RROAL OP, 
Arch masonry . - 6 WB OO por 100 enbie toot, 
Other, a *, » to ot ” ” 
Plastering . : © 2 & 8 par £00 superficial fovr, 
Metalling . . » 20 0 a i 
Bitt-heads c ‘ » 16 0 Oeach 
Windlasses . - 10 0 Dench, 
Earthwork of escape channel f 4 0 per 1,000 oubia fort, 
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No. 5.—Kasmmroor Escape. 

This work is in all respects similar to that at Moonda 
Khora; it has the samo extent of waterway, and its situa-, 
tion relatively to tho Kasimpoor Bridge is in all its details 
connected with ghats, choki accommodation, &e., similar. 

Tho escape is on tho left bank at tho 166th milo of 
the course of the main canal, and immediately below tho 
falls at Pulya and Simra: its position is intermediate on 
the line oxtending from tho Simra falls to the Nanoon 
regulators. 

KASIMPOOR LSCAPL. 


Diagram 97, 
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Tho especial dutios which tho Kasimpoor Escape is 
intended to perform, are, first, the reliof of the canal from 
excoss of wator arising from tho supply of the Koel 
branch head boing thrown into the canal channel ; 
socondly, the regulation of the supply into the terminal 
linos into which the main trunk is divided at Nanoon. 
Connacted with the Moonda Khera Hscapo, it portects the 
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moans of relieving the eunal channol trom oxcoss of wator 
in the lowor regions of the main trauk. — - 

The preecding dingram shows the line of country 
which is crossed by the exeapo in ils paxsago to the Mant 
Kalli Nuddi. 


Distance from main canal to bed of Hast 
20,577 foot. 





Kalli Nuddi : . ' . . 
‘Potal fall from bed of canal to bed of Knst 

Kalli Nuddi ' a . . , » 2188 4, 
Tail slope for escape heud . 1°00 
Slope of channel at 1°5 feet per mile . 600 


” 





Balance, superfluous slope ” 


This will bo disposod of in tho ustul way, tho louding 
fall being comectod with a stporpassago for tho loft 
main vajbuha. ‘Tho romaining descents will "bo con- 
structed hereafter, whon tho cffocty of rotrogression of 
levels vendor sack works nocossary. Tho soil, ab lest 
that part of it which is comnocted with tho high lund, 
is firm and tonacious; sand T imagine wtono oxisty in tho 
valloy of the Mast Kalli Nuddi, 

Tho channel hag beon oxeayatod on a width of vec 
tanglo oqual to 60 feet; the bed slopos have boon laid 
out at 1°25 foot por mile. 

Tho Kasimpoor Escapo is proposed Lo in ablachod to 
the divisional chargo of tho officer who holds tho lorminal 
lines, Tb will constitutes tho head of his division, und 
will give him the power of togulating tho supply of wator 
required for his trrigation. 

The method of construction of the Kusimpoor Mseapo 
hoad, and tho doseription of material used, are tho sumo 
hero as ab Moonda Khora; the proportions of ingrodiquty 
used in the comont being as follow :— 


1 part kunkur lime, to 
1-20th of white stone lime. 
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Tho Kasimpoor Escape head is (as at Moonda Khora) a 
* component part ofthe bridge, ghats, &e., at that place, 
in tho cost of which it is included: the rates of oxecution 
aro as follow :— 


RS. AL OP 
Arch masonry . ‘ » 15 0 0 per 100 cubic fect, 
Other masonry . . ». 10 13 ” aT 
Plastering . Fi » 2 11 11} per 100 square feet. 
Moialting 7 7 7 32-16 _ 7 
Bitt-heads . ‘i + 15 0 O gach. 
Windlasses c 10 00 , 


Earthwork of eseape channel 1 5 0 per 1,000 cubic feet. 

Tho work was commenced and completed by Mr. 
Philip Volk. The five cscapes above doscribed embrace 
tho whole of tho works, which are specifically designed 
for regulating the irrigation supply on the tract from 
Roorkea to Nanoon. Their disposition on the line of 
canal is in somo degree connected with the heads of the 
branches, from which they derive in all cases very mate- 
rial- assistance, and a support, which as being mutual, 
adds considerably 10 tho olficioncy of both. Tho com- 
mand that theso works have ovor tho rivers into which 
they dischargo thoir surplus wator is in all cases a security 
against interruption at ay scason of tho year. 


B. The Mscapes on the Cawnpoor Terminal Line, 


Under this section aro included all the works for 
vogulating tho supply between tho Nanoon regulating 
head and tho works at Dubowli, the latter being included 
in tho list of terminal works appended to the descent, into 
the Gangos at Cawnpoor. 

Tt will bo observed by the map and tho position in 
which tho Cawnpoor line of canal is placod with reforence 
to tho rivors on its right and left, that tho facilities for 
disposing of its oscapo water aro by no means so good ag 
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thoxo which altonded upon tho main trunk in its passage 
to Nanoon, Tho Mast Kalli Nuddi,.by taking on wide 
deparlure from tho boaring upon which the canal rang, is 
a too groat a distanco to bo mado conveniontly ayuilable, 
whilst an intorvening rivor, tho Hosun, which rises on the 
loft almost immediately aftor tho canal loaves Nanoon, 
soparates tho canal from tho Hast Kalli Nuddi ontively. 
On tho right, tho lino of crnal is accompanied on tho 
greater part of its course by tho Rinde, and tho Pandoo 
rivers, which, liko the Kosun, continue for many miles in 
tho omly part of thoir course in « shallow bed, ill adapted 
both from slope and capacity of channel for affording 
roliof to the canal supply. 

Advantage to a limited oxtent has been takon of tho 
East Kalli Nuddi, and whilst avoiding tho chamnely of tho 
Rindo, tho Hegun, and tho Pandoo, as far nas il was 
possible, in thogo parts of their courses which wero most 
especially open to tho inconvonicnco above referred to, 
wo havo used them at moro advanced points whore tho 
cloments required for offigiont canal escapo wero vom- 
paratively spoaking of a higher ordor, 

Tho oseapos on tho Cawnpoor terminal lino aro as 
follow :— 


1, Tho Ginnowli Tiscapo at tho 9th mile, 
2. 4, Nugaroon do . 49th do. 
3. 4, Tiroon do  . 87th do, 
4. ,, Kukwan do.  . 185th do. 


The Dubowli Eseapo, which is situated at tho 165th milo, 
and is tho hoad of tho Cawupoor terminal works, is, 1s 
T have bofore said, included in tho chaptor dovotod to 
thoso works ; its oxislonco, howovor, may bo noted hero, 
as a work which porfocty iho chain of oscapon on tho 
terminal lino connected with the Ganges, 
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1.—Tum Grynownt Esoars Inman. 


Tho channel with which this work is connected is more 
specifically for the purposes of drainago than for regulating 
supply ; its object is Lo provide roliof to cortain low tracts 
of land on tho left of tho canal bank, which wore, 
proviously to tho excavation of the canal, directly 
connocted with the drainage of the Rindo, but which 
have by the interposition of cmbankments becn cut 
off from their natural watershed. By a serics of cuts 
and works, which havo boen doscribed elsewhero, tho 
whole of the intorcepted drainage is brought to bear upon 
an excavated channel) which commences at a point above 
the Ginnowli bridge, and from thence is carried on a 
straight line to tho valley of tho Bast Kalli Nuddi. 

Tho nocossity for connocting the low lands in this 
noighbourhood with tho rivor above montioned, and the 
conyonionce 1o the works of combining with the channol 
oxenvated for tho purpose, an oscapo from tho canal, 
led to tho orcetion of tho Gimowli Escapo head. During 
the dry season tho channel is always available for canal 
yoptlnting purposes; during the raing an ineronsed and 
regular supply from the canal might maintain a flow of 
wator down tho eut, which would bo vory advantageous 
for tho purposos of scour, and for ridding the channel of 
impodimonts. 

Tho‘ channel hore, as in the caso of all those that 
have beon oxcavated for the purposes of oxgeapo, is 
dopondont for porfect efficioncy on tho wear and tear of 
tho currout, Hero, as in tho cases before dogcribod, the 
bod will bo regulated from the escape hond, as far as the 
londing bridge over which tho rajbuha superpassago is 
carricd: boyond that point, although tho building of the 
nocossary works is contemplated, it will not take place 
until tho rotrogression of lovola causod by oxcoss of slope 
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shows tho absolute oxpedioney of carrying them into 
oxoculion. 

Tho disposition of tho works, and tho partienlar 
points roemding slopos will bo understood from tho 
following diagram :— 


Diagram 98. 
GINNOWHI TSCAPL. 
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Length of channel from the canal to tho Hast 
Kalli Nuddi . . , : » 10 miles 4,062 foot, 





Total fall fiom the hed of ennal to hed of 


East Kalli Nuddi . : . . ‘ » 28°07 thot. 
Tail slope of eseape head. . t-00 
Slope on TL imiles at 1°56 foot por mile 16°50 





7h, 


Balance, superfluous slope. . , Lret7 


which- will bo disposed of in two masonry dosconls of 64 
fect in dopth each, tho leading ono, as in other exson, boing 
that appropriated to tho rajbulia superpassugo. 
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A. bridge for the passage of tho Grand Trunk Road, 
crosses tho oscape channel at a distanco of 3,724 feet 
from the head; a waterway of 80 fect clear has been 
given to this bridge, as the amount of water collected for 
tho country drainago will bo considerable, This amount 
of waterway might, in my opinion, be given to all tho 
bridges on this escapo channel. 

The channel has been excavated on the samo eco- 
nomical plan as that usually adopted; its width is only 
10 feet, just sufficient to givo a froo and open passage for 
a current; which immediately aftor the canal supply was 
admitted might bo passed down with the sole object of 
oxtending its dimonsions, and preparing it for tho large 
bodies of watcr which tho rainy season would bring to 
bear upon it. Tho soil, through which this channel has 
becn oxcavated, is of ® more tenacious charactor than 
tlt met with in the upper districts of tho canal, and it 
will conscquently, I four, offer more opposition to the 
offects of a current of running water in inercasing its 
dimensions, than may be convonicnt; should this bo tho 
caso, ib will bo advisablo to aid the oporations of the 
curront by further oxcavations, as tho carly insurance of 
this lino as an officiont oscapo is an object of undoubted 
importance to tho country in its vicinity. 

The proportions of material used in tho coment wore :— 


5-Gtha kunkur lime, 
1-Gth bujree. 


Tho quantity of material used, and the rates of the 
work executed wore as follow :— 


Bricks, Block. Kunkur s, 
Rineh, — Kunkur, Lime. Tujree, 
Masonry . 85,200 2,270 cubie fi, 5,800 maunds. 1,186 maunds. 


Ret AL Yr 
Masomiy of all sorts. . 14 UM 7 per 100 cubic fect. 
Plastaing . - . . 2 11 38 per 100 superficial feet. 
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Tho Ginnowli Eseapo was bogun and completed under 
tho superintendence of Lioutonant Lledgson of tho Bougel 
Engincors, at a cost of Co.’s Rs, 2,218-5-0. 


No. 2.—Nuaurena Msoapr. 


Immediately above snd atlachod to tho Nuguroon 
Bridgo, which is situated 40 miles below Ginmowli, 1 
socond work for the purposo of regulating supply has 
beon constructed under the abovo namo, At this point 
the relative levels of the canal bed and of tho Rindo 
Rivor, made it uccossary to turn ow attention to the 
Eesun, which forms? tho left boundary of tho tract of 
country upon which the lino of the canal is earriod. 


Diagram 99. 
NUQURLLA LSCAPI 
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Tho River Rosun has at the point of its course on which 
tho Nuguroea Escapo is directed, passed through 36 miles, 
on tho whole of which it has beon closo to and in 
powallolism with the canal. ‘The relative levols of the 
two channols, and the disposition of tho works connected 
with escapo, will be understood by tho above diagram, tho 
head being situated on tho loft bank of the canal. 

It is doubtful whethor it may bo necessary to build 
permanent works on this lino for the protection of tho bed 
slopes, as during floods tho high water in the Kegun will 
stand woll back in the oscape channol; the supor-passage 
for tho loft main rajbuha, howevor, must as usual cross 
tho oscapo, and it will bo equally necessary for tho 
convonienco of the agricultural community to build a 
bridge, Tho samo plan, therefore, will bo adopted here, 
ag has clsewhoro been put in practice: viz., the supor- 
passago channel will be connected with a bridgo, the 
down-stionm tail of which will be torminated by a fall 
sufficiont to overcomo the excess of slope, and to adapt 
tho channel to the passago of water during the dry ° 
wouthor, without the inconyenicnce of wear and toar. 
L havo, whon doseribing tho Ceawnpoor terminal lino, 
pointed out that the additional supply of water which tho 
Nugurooa Hgcape gives to the Kesun, will make an 
increase of waterway to a bridge built over the river near 
tho town of Mynpoori very desirable; the bridge itself, 
which is on the ligh military road botwoen Mynpoori 
and Agra, hag for the last 20 years bocn in a stato 
voquiring repair and modification, and tho improvement 
to its approxches, which will necessarily take place under 
tho alterations which I have recommonded, will add 
grontly to tho facilitios of cross communication. Tho 
sito of the bridge in qnostion is 16 milos below the 
junction of tho Nugureoa Escapo, and it is situated in a 
valloy of considorablo width, and of groat beauty from 
tho vorduro which attachos itself to all this lino of river. 
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Tho Nuguroca Escape head has five slnicos of 6 foot 
in width cach, with an excuyated chamel equal to 30 
feot in width. he dosign is similar in’ all respects, 
oxcepting extent of waterway, and in nob being comnceiod 
with the bridge by masonry work, to tho Moondw Khora 
and Kasimpoor Eacapo honds. 

Tho proportions of matorial used in tho coment ares - 

2 parts kunkur lime, 


L part bujtee, 


Tho rates at which the work was executed aro: 


a 
Masonry of all sorts. » 1H 12 7 per 100 enbie foot, 
Plastering « . ‘ » 2 LE 6 per 100 superticial tect, 


Tho building was begun and completed under {hea 
suporintondenco of Lieutenant Ifodgson, ab wu cont of 
Co.’s Rs. 8,840-5-11, 


No. 3.—Tne Trea lsearn. 


Hore, again, from the insufficiency of the channel of 
the Rinde Rivor to receive additional water, tho eanal 
oseapo has been tuned to the Mesum. Th will ho 
observe, by roference to the map, that ab aw point 
betwoon tho 82nd and 83rd milo, and from the village 
of Daoodpoora, which stands on tho most clovated 
ground betwoon the Rindo and the Hosun, dines of 
drainage flow off towards-both rivors, tho larger ono on 
the left of tho canal, whieh T have elkewhoro deseribed 
ag the Ilussunpoor Nalla, boing in the lower part of ils 
cow'so a ravine of great depth and sizo. This nulla 
appeared to bo an appropriate silo for cxeupo walter, 
and it has beon used as such for tho drinayo of the 
lands lying abovo il, Ib was advisable, howoyor, from 
the amount of drainage which we lad passed into tho 
Iussunpoor Nulla, to reserve it for thal purposo sololy; 
and with this view, an oscapo for regulating the canal 
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supply was fixed at a point four miles lower down, 
where the Ecsun is in clogor proximity with the canal, 
and where the channel of escape will bo maintained 
for ils own legitimate purposes. 

The Tireca Escape, therefore, is situated at the 
87th milo, iis oxtent of waterway and design being tho 
sino as that at Nugureca. 

Tho disposition of slopes will be understood by the 
following diagram :— 


Diagram 100. 


be seat | 


z phan = a! (ae TIREAA Ralone 
= 
ep Pr etle neo} 29 ees AT Leet me cea BARE Sou GALOW 
ry iw ea 


IRLLA ESCAPL. 











pco an . 
82 Ral 
sept J 


Length of channel {rom canal to Hes River . » 8,048 feel. 
Total fall fom hed of canal to bed of viver . . 20-24, 
Tail slopo ab escape head ‘ ‘ 1:00 
Slopo at 1°6 per mile . ‘ . ‘ 2°28 

—— 3:28 , 





Balance, superfluous slope . . . . » 16°96 ,, 


As bofore described, this suporfluous slope which will bo 
gradually reduced by retxogression of level through the 
lino of ravine, by which tho oseape reaches tho rivor, will 
bo fitted with masonry works heroafter; threo descents 
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cach of 6 fect in perpendicular drop will bo ullimatoly 
required ; of these ono, Lo which tho rajbuha parsage will 
be adapted, will bo built immodiately ; the remaining tvo 
will stand over until rotrogrossion of levels hus sulliciontly 
acted wpon the beds. 

I may obsorve that this osenpo is the most offeetive 
ono on tho Cawnpoor terminal lino; and as such, ils 
contrical situation is fortunate. 

Tho proportions of ingredionts in tho ‘cement aro 
about-— 


1 part kunkur lime, 
L part bujree. 
The total quantity of material used, wud tho rates of 
the excavation and work in gener, aro shown by the 
following table :— 











Bricks, Bricks, Block Kuntar ae 
3 meh. 24 inch. Kunkur Lame, Bujree, 
Cubie feet, Maunds Manda 
88,608 3,625 11,970 5,508 eFR0r 
UH AL DP, 
Masonty of all sorts. © 16 OF por 100 erbie feet. 
Plastering « : ‘ © 2 TL 0 por 100 suporticial feet, 


Tho building was bogmm and comploted by Lioubonant 
Hodgson at a cost of Co.’s Ra. 2,702- 10-7. 


No. 4.—Kurwan Mavarn. 


Chis work is siluated nb the (85th mile, or (2 miles 
below that at ‘Tiroca: the channel is divectod to the 
Pandoo River ; the hoad, therefore, is on the right bank of 
tho canal. 

Tho sizo of tho exenpo head is tho samo av that vt 
Nugurcor and Tiroon, viz., five oponings of 6 fook onch, 
and the building ilgolf, with tho oxenvated chamel, is on 
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tho samo dosign ; its situation, however, from’ the intor- 
vontion of a high mound on which the first-class choki is 
built, is further removed from tho bridge ; and although, 
had time been givon, I would have connected the two 
works by a line of ghat, such has not been done, and tho 
oscapo itsolf, therefore, stands as an isolated and uncon- 
noctod building. 

Tho following diagram will exhibit in dotail tho dis- 
position of slopes as connected with the canal and Pandoo 
on the Kukwon Escape. 


Diagiam 101. 


KUKWAN TSCArh 
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CAWNPOOR TERMINAL 
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383 
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jg ae 
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Length of channel from tho canal to Pandoo River . 5,550 fect 


Total fall from bed of canal to bed of river » 11°99, 
Tail slopa of es’ypo head . . . {+00 
Slope at 1°5 fovt per milo. . , 1*b7 
—— 2°57 
Deter een | 
Balance, superfluous slope . . . . . 942 ,, 


Iivon with this considerable differonce of bed level 
botwoon the canal and the river, we aro entirely precluded 
from using this escape at poriods of maximum high water 
in the Pandoo when floods to a great oxtont are running 
in that rivor: this high-wator-mark slands on a level 2°48 
fool above tho bod of the canal; the Kukwan scape, 
thorofore, is litorally only of uso as a rogulator during 

vou. Il, Li 
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dyy woathor, or modorato floods; ab othor poriods it is 
soaled, I would, novertholoss, disposo of tho surplus fall 
above noted, in tho usual mamer, ospocially with regard 
to the rajbuha super-passago bridge, 10 which | would give 
a {ail descont of G fort, leaving the remaining slope to bo 
dotormined by naturel rolrogrossion of hod levels: ib is 
possible that thoro may bo no necessity for tho construc 
tion of furthor pormancnt works for tho relief of tho 
romaining 8°42 fect, to which the curront will, in al 
probability, adapt itself, . 

Tho Pandoo River, in this part of its course, hs all 
the objections that the Rinde had, and which in tho caso 
of tho thrco escapos abovo deseribed, led to my prelorring 
the Hestm as a recoptacle for our waste water, Having 
already thrown so much water into the channel of the 
Jesun, howovor, I was not inclined to load it with a 
further supply ; and as tho Pandoo was more conyeniontly 
situated with regard to tho works, at tho ‘particular 
distance at which an cscapo had to bo built, T proterred 
taking advantage of its channel, oven under tho obstaclos 
which have boen abovo explained, to pouring an addi- 
tional volume during flood season into tho Mos. The 
Hesun, which runs al a distanco of six milos (ram tho 
canal on tho line betwoon Rowns and Kukwan, id, how- 
over, admirably adapled for esenpo watorg ily enpacity of 
channel is groat, and tho channel ilself rms throngh an 
oxtonsivo and dooply dopressed valley : should, therefore, 
the Dubowli Escape head, which constitntos the leading 
work of tho terminal buildings, and is provided with an 
escapo oqual to 86 foot in width in addition to the 
Dubowli rajbuha, whose head is SO foot in width, he 
insufficiont to yeliovo tho eanal channol from food-water 
which is provented from osenping al Kulawan, tho remedy 
is open, in an additional lino which may bo carried to bho 
Hosun from tho canal, cithor at tho Ootha Bridge, or (for 
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tho advantages of suporvision attondant upon tho main 
post) from that at Kukwan: in tho latter case tho 
channel to the Eostm would be not less than eight milos 
in longth, and‘tho protective works would be propor- 
tionately more oxtensive. I do not think that such a 
work will bo necessary ; but if it is 80, the remedy will bo 
complete. 

The proportions of ingredients used in the cement 
oe 8-5ths kunkur lime. 

2-5ths bujree. 


The total quantity of matorial used, and the ratos ab 
which the sevoral kinds of work wore oxccuted, aro 
shown in tho following table :-— 












Bricks Block Kankur 














( inch), Kaunkur, Line. Bujree, 
7 Cubie feet. Maunds, Maunds, 
Masonry . . 120,868 8,127 7,626 5,598 
na A, OP 
Masonry of all sorts . =. 14 5 8 per 100 cubic fect, 
Plastering . ' ' » 8 2 8 per 100 superficial fvct, 


Tho work was bogun and comploted by Licutenant 
Hodgson, at a cost of Co.’s Rs. 8,214-2-10. 

On the Caywnpoor terminal lino, the power of regu- 
lating the canal supply during tho dry woather is, T think, 
by meang of the abovo escapes, in overy way officient. 
During tho rains, howevor, this will be greatly aided by 
the rajbuha heads which aro in almost all cases appon- 
dages to bridges. Tho disadvantage under which the 
Kukwan Escape labours, will only be folt during oxtya- 
ordinary floods: and as T havo boforo said in such casos, 
the outlots at Dubowli, which oqual in tho aggrogate 
4G foot in width of watorway, will, it is to be hoped, do all 


the duty that is required from them. 
12 
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CG. The Mseupes on the Htawah Terminal Line, 

As in the easo of tho pistor branch to Cawnpoor, the 
works under this section includo ull the outlets for regu- 
lating tho canal supply lying belwoon tho head ab Nunoon, 
and the terminal escape, which, as an intogral portion of 
tho works attached to tho lockago into the Jimi River, 
is described undor the head of the terminal works. ‘Cho 
escape in question is situatod at tho 170th milo, and is 
similar in design, as ib is adapled to similar purposes, 
with that at Dubowli. 

Tho Eiawah terminal lino or branch, which rms to 
tho Jumna, is bounded on ono sido Dy tho Rindo, on tho 
other by tho Seyngoor River ; between these two lines of 
drainago it contimios wiintorrupledly for 145 miles of its 
courso, and in this rospect it Inbours wider tho samo 
disadvantages as the Cawnpoor branch, in so far that tho 
Rindo in tho carly part of its course is as inapplicable to 
provide the means of escapo for surplus water as ft lnve 
beforo deseribod it to bo. The Sceyngoor River, which 
rung on the right border of tho strip of Iand through 
which tho canal pussos, although as deficion’ in capa. 
bilitios for tho ospocial purpose required in tho only part 
of ils progress, from ibs riso in tho noighbgurhood of Kool, 
procecds on a moro rapid slopo than tho Lindo, and, 
therofore, bocomos at mm carlier poriod better adapted Lor 
ow purposos, At the 60th milo, tho enpacity of the 
Soyngoor and its velativo lovels with tho canal bed, rondor 
it availablo as a reeeptaclo for wasto witor; whorons ib will 
bo recollectod that tho Rinde at the 87th milo of its 
couse was considered ax incapable of being convertod to 
a similar purpose. Below the points above-mentioned, 
both tho Rindo and the Seyngoor gradually ineresno both 
in width and depth, and would admit of any additional 
supply thet could possibly bo turned off from tho ennal. 
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Tn detormining the positions for cscapos, I have been 
guided by the rules which were originally laid down, 
motlified to a corlain extent by local causos, and in the 
prosont case by the peculiar disposition of the lines of 
invigation, which from Nanoon to the 100th mile, are con- 
fined almost ontirely 10 the right bank, and to six leading 
linos of rajbuha, which cross the valley of the Seyngoor 
on thoir way to the Hatrass line of irrigation. Theso main 
linos of rajbuha will in themselvos act largely as escapos 
for surplus water, and will, in all probability, without the 
aid of the regulating escapo head, perform all that especial 
duty. Within the leading 30 miles of the course of the 
Htawah torminal line, there are no less than three out of 
tho six main rajbuhas above alluded to: I have conso- 
quontly (looking upon those as main lines of irrigation 
offering sufficient means for regulating supply) placed tho 
oxenpos at tho following points :— 


No. 1. Gihvor Iscapo, 57th milo. 

No. 2. Muthosi Bscapo, 103rd mile. 

No, 8. Roora Escapo, 148rd milo. 
The cscapo at tho head of iho torminal works, and which, 
as I havo bolore yaid, is included in tho doseription of 
those works, is siluated at tho 170th milo. 


No, 1.—Ginnor Esoarn. 


Tho head of this work is situated at tho 57th milo, in 
connection with the bridge on tho high road betwoon 
Mynpoori and Agra; it lies on the right bank, and is 
joined to the Seyngoor River by on excavated channel, 
Tho width of tho sluico waterway is equal to 80 fect, in fivo 
oponings of 6 fect in width cach: ils design is similar in 
all respocis to those which have been bofore doscribed, 
and it is attached to the bridge by ghats in the usual ogeo 
form. Tho works ab Gihror may bo considored as an 


150 SUPPLY OF WATER [PAW IT, 


ornamontal appondago to the high road on its passage 
aevoss tho Ganges Canal ab thet puticular point. 

Tho disposition of tho works, in rogurd to slope of 
bod, and to its volativo position to the Seyngoor River, 
will bo understood by tho following diagram :— 


Diagram 102, 
(HUNOR 1 SCAPE, 
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‘Total length of ghannel Jrom canal to Seyngoor 

River ¢ . . . : : » 4 miles 1,090 tot, 
Total full fiom the bed of the canal to the ped of 

the Seyngoor River. . ‘ : . © LOE feet. 
‘Tal slope ab eseape-head . : 1-000 
Slope on d miles 1,090 heat 15 (t. per milo 6°30 





709, 


Balance, superfluous slope . . ‘ : » 8e6Ol 


» 


This disposable slopo might bo mranged ino fall ab 
the rajbuha supor-passage bridge, as hax boon dono in 
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othor cages, so as to admit of retrogression of levels in 
the lino of channel between it and tho Soyngoor River, 
without foar of accident to the bridge. Here, however, 
wo havo a hard, tonacious soil, which probably would 
obviate tho necessity of any protection to the works, even 
in the shapo of tho fall above proposed ; such an avrange- 
“mont would, novertheloss, place the works in perfect safety. 
In high floods in tho Seyngoor, tho water rises to a 
dopth of batweon 6 and 7 fect; on these ocensions thera 
would bo back-water in the escape channel, up to the 
rajbuha super-passage bridge-floorings. 

Tho escape channel has been oxcavated on a rectan- 
gular width of 25 feet, with slopes equal to the depth, 
the slopo of bed being equal to 14 foot per mile: this, it 
will bo undorstood, from what has beon said bofore, is a 
mere cconomical arrangement, tho truce disposition of 
permanent slope being formed (vide Rule 5) on the cal- 
culations’ above figured, 

Kunkw has been largely uscd in tho works at 
Gilwor as a building matoriel, and in tho diffi- 
eully which hag atlonded on brick-making, has been 
of growl sorvico in oxpediling tho completion of tho 
work, 

Tho ingredicnt used in tho comont is puro kunkur 
lime, ‘Cho total quantity of masonry, and tho rates of 
the work, ave :—22,676°2 cubie foot, at an average of 
Bs, 12-18-10 por 100 eubie foet, 

'Tho Gihror Escape was begun and completed by Lieu- 
tonal Whiling, of the Enginoors, who, as executive officoy 
of tho Titewah terminal lino, suporintoended its construe- 
tion, and looked after tho progress in all its details, 
Tho total cost on this work was, oxclusive of rogu- 
lnting’ apparatus, which will bo fixed hereafter, 
Co.'s Ra. 2,017-8-2. 


152 SUPPLY OF WATER [eaRD ML 


No, 2.—Mouaost Hsvarn, 


This work, which is situatod at tho LOB8rd milo, ab aw 
point 46 milos bolow that of Gilror, is in ovary roxpech 
similar to it, In detail of design, nnd wilh roforones Lo 
the bridgo works ab Molhosi, ib is idontienl with tant abe 
Gihror ; it provides an exeapo equal to 80 foot in width 
in fivo sluicoy of 6 foot oach, and throws its waste water 
into tho Seyngoor River, 

Tho disposition of tho works in connection with the 
canal and tho Seyngoor River will be widerstood from 
tho following diagram :— 


Diagram 108. 
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Length of channel from the canal to the Seyngoor 


Riyer . . . ‘ : : . 4 niles HH2 fi 
Total fall from the bed of the eanal to the bed . . 
of the Seyngoor River , : . ‘ » 2A RY feet, 
Tail slope at eseapeshead 100 
Slope nb 4 miles 682 Ah. ab 1-5 fi. pow nile G16 
~ Tw yy 
Balance, superfluous slope . » : A . 7 ry 


Lo secure this lino of channel on & pormanont bed, 
Uoo descents of masohry, with w fall of 6 foot erch, will ho 
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necessary, tho leading ono ns usual being connceted with 
a vajbtha supor-passago. This, however, may be doubtful, 
as the channel of No. 6 main aqueduct rajbuha, directed 
upon the Tatras line of ivrigation, takes its departure 
from the Mulhosi Bridge—from the very work, in facty of 
which tho Mulhosi lscapo hond forms & componeyt pax. 

‘The proposed line of escape chamnel outers the Seyn- 
goor close under the village of Chouri, and in its passage 
intersocts a good doal of irregular ground and cross 
drainage, which ought, in my opinion, to be passed with- 
out any attempt at taking advantage of the facilities 
which they apparently offer for reducing the length of 
the excavated channel. The first of these lines of cross 
drainage occurs at 1} milo from the canal on the approach 
of tho eseapo channel to the village of Kutmoo; it is 
a Wido hollow, with its bed levol with that of the canal, 
and is connected with tho Soyngoor, to which it passes 
in tho torluous course that usually characterizes all nullas 
of this sort, Tho socond lics within a distance of a milo 
from tho Seyngoor, and between the road from Pubpoond 
aul Flewah and that river. At this point tho direct 
courso of the escape traverses a whole sorics of twists of 
a lino of nulla, the beds of which lio considerably below 
the lovel of the canal bed at Mulhosi. 

Thero aro vory groat advantages in maintaining an 
escape channel on a straight line, so that there may be 
as little impedimont as possible to tho free flow of the 
oseapo water, any interruption to which most materially. 
dopreciaios tho value of the work. I would, therefore— 
enpliveating as tho Kutmoo, or that nulla lying within 
14 milo of tho canal, may be, both in proximity and in 
ewpacity of channel—pass it entirely, keeping the canal 
oscnpo in a direct line of bearing upon tho Seyngoor 
Rivor, At tho point of intersection with the hollows to 
which I rofor, I would throw embankments over the 
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nullas on the loft of the escapo'channol only, Ao that the 
nulla water which arrives ab that point umy be foreod to 
desort its natural course, and take to the artificial lino of 
out oxenpe. 

« Lhe section upon which the chamol will be exenvated 
is tho samo as that ab Gihror: viz., rechangular on a 
width Sf 25 feot, with slopes equal to the dopth of 
digging’; tho bed slopo equal to 1:5 foot inv milo.  'Lhis 
work ig nol yot begun. 


No. 8.—'Lim Roonra Msvapn. 


This work is situated ab the 148rd milo; tt throws {fs 
wator into tho Rindo Rivor, from whieh ib is soparated by 
a distance of 17,200 feeb; and the channel is, as in the 
enso of the Ginnowli Mxeupo on tho Cawnpoor terminal 
ling, for the doublo purpose of relieving tho country which 
lies on the left of tho canal from intersected drainngo, 
and for giving reliof to tho cum chamnol by disposing of 
its superfluous water. 

The Roora Escape loaves tho canal above tho villagos 
of Roarn and Tugaon, ab which point the alignomont 
takes on wbrupt tun to thoright, dosorling ils purlolism 
with the Rindo, and turning the hoads of tho Noon Riyor, 
Tho cael whoro tho c#eape loaves if has a rochuygul 
width of 18 feot, with slopes equal Lo dopth. 

Tho head of the cseapo is provided with 8 gluicos of 
6 foot onch, giving a full waterway of 18 feck. ho dis- 

- position of the slopes of the chaunel between it and the 
Rinde is shown in tho following dingram., 

As it is doubtful whothor n vajbuhe chamiol will cross 
this lino, ib may bo convenient, with velorenea to the 
duties that ib iy called upon to porform, to leave the hed 
on its oxeayiled slope, without hurrying to complotion 
works for overcoming the snporilnous slope, [would thore- 
fore recommend that all necessary miatorial should bo col- 
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lected for tho purpose of building descents of masonry, 
to meot tho retrogression of levels, should such appear 
to bo working dangerously upon the tail of tho oscapo; 


Diagram 104. 
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River . < . F _ ‘ - 8 miles 1,520 ft. 
‘Yotal fall from the bed of the canal to the bed of 
the Rinde River . . ‘ ‘ . « 22°16 fect. 
‘Tail slope of escape head. . . 1:00 : 
Slope on § auiles J,520 ft. at 1° ft. per mile 4°98 
' — 6°93 , 
Balance, aupafluons slope . . : » 16°23 ,, 


but T would postpone thoir construction until opportunity 
offors, or until there is a real necessity for them, Tho 
oxtonsive lino of country which this channel is intended 
4o drain, and tho advantago of extraordinary slope of bed 
in fucililating tho oscape of wator, will, in all probability, 
miko it desirable 1o .obtwin tho greatest possible dopth 
to this channel; in which caso, I should bo inclined to 
make the first doseent immediately at tho tail of the 
cxeape hioad, in tho sumo wry that has beon done 
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Khori Kuvmoo Escape on tho Rastorn dumua Gamal. This 
mothod gives extraordinary ficililios lor volieving the 
canal channel from water, and if tho full is builh ata 
distanco from the tail not execoding 80 or [00 feet, there 
can be no danger to tho eseape head. 

The width of the channel from the hel to tho Rindo 
River, is proposed to bo 80 teot, with additional slopes 
oqual to the dopth. ‘This width will provide cnpacily for 
carrying off the country flood-wator, as well us Uhab from 
tho canal. For a description of tho drainage connected 
with theso works, Pail L1., ad dingram 68 should be 
consulted. 

At tho time that T am wiling, the workH on tho 
(iawah terminal line are nob pulfieiently advanced to 
bring them in contact with this part of tho country: the 
presence of kunkuy, however, which is abmadink overy- 
where, will groatly facilitalo the complotion of any wovks 
that may bo required. I may observe, in conclusion, {hab 
the Roora Escapo will bo conuceted with v bridge, and bo 
built on tho standard plan laid down for tho guidance of 
oxceutivo oflicors. 

Tho aboye building complotes the works lor regu- 
Inting the supply of tho Mlawah terminal lino: their 
position, it will be understood from whit has been haforo 
said, has boon dotorminod in a groal moasuro by Unb of 
tho main rajbuhas connected with the Uatrasa invigation, 
all of which will bo usoful necossorios in tho way of roru- 
lating the water, In the enso of tho Roornw lxeape, tho 
position of tho work is in some way councclod witht 
country drainage, Tho arrangomonts, taken in tho whole, 
will, I think, bo sufficiont for the required purposos, 

Tho only work for rogulating supply which lios below 
tho Roora Escape, is that ab the 170th anilo, whieh as tho 
up-stvoam terminus of the lock works into the Juma, 
will be doseribod in the chapter doavoled to those works, 
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I may remark, however, that the rajbuhas loading towards 
the ocasiorn tracts of the Ghatumpoor purgunna, which 
commences immediately below the Roora Escape, will ulti- 
unitoly afford their aid to the purposos of regulation. 

Tho subordinate Tinos of canal, which have been de- 
scribed under the heads of tho Futtigurh, Bolundshuhur, 
and Kool branches, as well as tho main lines of rajbuha, 
are all fitted with works for regulating purposes: to these 
particular works there is no necessity to make any refor- 
ence, as the execution of the branches has been post- 
poned, and that of tho rajbuhas was only commenced in 
May, 1853; nor would I offer any opinion as to the 
advisability of following the design which I have adopted 
for cithor tho cscape-heads or for completing their chan- 
nels: the latter is distinctly an economical expedient, 
and may possibly require modification ; at any rate, the 
advantages of practical observation on the works which 
havo boch already built on the main canal and its two 
torntinal linos, and on the offects of tho current depend- 
ing upon their position and design, will, of a sufficiently 
carly period, place my successor in 2 position to remedy 
any defocls and to supply any deficiencios, 


IV. Falls or Descents to overcome superfluous Slope. 


Tn projecting the slopes of a canal bed, and aftor 
dotermining tho amount of declivity of the country upon 
which tho alignoment is to be carriod, it becomes neces~ 
sary to dispose of the superfluous fall by artificial means, 
eilhor by woirs or rapids constructed of piling and rubble 
work; ot by buildings of a moro permanent naturo of 
slono or brick masonry. ‘The longitudinal section, thore- 
foro, is Inid out in a serics of stops, the length of tread 
und tho height of lift being determined by the profile of 
tho country. 
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- On the Gangos Canal chammel, with the oxeoption at 
tho first do milos of its course extending from he 
Myapoor regulator to the Kunkhul bridge, whore bho bod 
consisis of boulders and shingle, and to which a slope of 
2 foot per milo has-been givon; wud of the next threo 
miles, oxtending to tho Ranipoor works, whieh have a 
slopo of 1} foot por milo; tho slopos in no eaxo oxccod 
1:25 foot, and thoy vary from a maximun of 1:25 lo 
minimum of 1 foot por milo. At overy throo miles of iis 
course, and in many casos at shortor intorvals, tho floor- 
ings of bridges act as retainers of tho slopo, so {hab wore 
a rotrogrossion of levels equal to the whole amount of tho 
fall between two bridges to take place, the maximum 
doclivity upon tho flooring could not exceed 8°75 foot. 
The action of the current under such oxtvewo cireum- 
stances would bo still furthor opposed in all cases whore 
tho bridge floorings have boon laid in in a light soil, by 
strong aprons of piling and rubblo work, well clamped 
togethor in wooden framos, and protected by an uppor 
sheeting of sleopors. 

Tho canal bod, ib will bo understood front the above 
doseription, consists of n longitudinal series of open lines 
of carbhon channol carried on slopes varying from [Qh 
4o 1 foot por milo, crossed ab ovory three milox by 
masonry bars, and torminntod ab tho extremity of cach 
lino by a sudden and abrupt chango in tho lovely, 

In any nainval oqualization of slope, arising from an 
absenco of artificinl regimon, the operation will ho 
limited in tho aggregnto by the works Duill for over 
coming tho sudden chango of levels; and in detail by 
tho cross bars or foorings of bridges to whieh’ ‘L hava 
bofore advorled. ‘ho ill offects of ratrogrossion of lovols, 
thoreforo, ave conlzactod within manageuble Mimils, and it 
will be well to considor hoveaftor, when tho eroelion of 
further bridges is proposed, Uhat independently of the 
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valuo of additional cross-communication which evory work 
of this sori mugt inevitably bestow on the country, its 
floorings will place a still further limit upon the evils of 
vetrogression. : 

Tho design which 1 had (in the restoration of the 
Eastern Jumna Canal bed) successfully put into execu- 
tion, appeared to me to have at least the merit of prac- 
tical applicability to circumstances attendant on this 
sudden chango from a high to a low level, as woll as to 
the casy flow of the current in passing from one to the 
other. ‘With tho exception, thereforo, of details in con- 
struction, consequent on the magnitude of the volume of 
water with which we had to deal on the Ganges Canal, 
the general dosign of the falls may be considered identi- 
cal; it is, in fact, a woll-protected bar or overfall of 
masonry, with its faco in tho form of an ogee curve for 
the water to glide over in its passago from the upper to 
the lower levels. 

Without entering into mathematical demonstrations 
of the value of the particular curves which are supposed 
to bo bost adapted to tho purpose (on which subject 
much loarned dissertation has been oxpended by Do 
Bossut in his work Sur les Digues, and by other French 
and Italian onginoors), I have selected thoso which from 
observation of numerous ogecs built upon tho canals in 
those provinces, and more especially of those which now 
oxist on tho Hastorn Jumna Canal works, havo shown 
tho most satisfactory practical results of thoir applica- 
bility. The cuve in question is represented by the 
diagvam on the following page. 

Over curves of the above description, when tho inter- 
mediato obstruction of piers is equal to 4 feet in width, 
wator to a depth of 84 foct passes through waterways of 
15 and 20 foct in width casily and quietly. I conclude, 
thoroforo, that with a depth of 5 feet, which is that 
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theorotically duo to a maximum supply of water in tho 
Ganges Canal, the watorways of tho falls, which aro 
25 foot, with intermodinte obstructions of 4 foot, will do 
their duty equally satishtorily. . 


Diagram 105, 


eed 
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T must here say a fow words on the value of perpon- 
sdicular desconts, which have beon so strongly advocuted, 
and which nobody can moro strongly advocnto undor 
cortain circumstances then mrysoll, Nature, in cases 
whore retrogrossion of lovela occurs in a rocky comilry, 
terminates this votrogrossion by a vortical fall, In wv 
country whoro rock doos not oxist, sho provonty this 
abrupt votrogression, or remedios it rather, by causing 
_ the rivor to rm on oxtended twists, which by longthoning 
its course, and consequently reducing the amount of 
slopo upon which if rmx, puts a slop to the violent, 
action of Lho current, and thereby to votvogrossion. Tt is 
true that, in the caso first montioned, the perpondicular 
doscont may be qualified by a talus of rocky masses lying 
a its foot; and in the lattor case, variotios of soil may 
effect tho uniformity of current; bul thore is tho pront 
fnet, that in rocky countrics whero the surfaeo is divided 
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into oxtonsive flats, lymg at different clevations, and 
forming what are usually termed steppes, or sudden 
dvops in the position of table-land; Nature pours her 
wator porpendicularly over a precipice into a vast basin 
excavated for its reception, and in which the violent 
action and regurgitation caused by its fall, exhaust thom- 
selyes. In the absence of rock tho natural law is equally 
apparent; here tho water by a gradual process gets rid 
of its perpendicular fall by a vetrogression of levels, and 
by forming huge ravines, on a course regulated by the 
tenacity of soil with which it comes in contact, exhibits 
itself ultimately in an evonly flowing stream, running on 
& course more or less tortuous, depending on the amount 
of perpendicularity of lovel that it had to overcome. 

As an oxomplification of the first case, without going 
so fav ad America and the Canadas, the Rewa Falls, or 
those which deliver the water over the great step of tho 
Vindhya range of Central India may be given. The 
Kuti ‘Fell has a porpendicular height of upwards of 
400 feot. Tho body of water, with the oxcoption of that 
in tho rainy scason, is small; but during tho mongoon tho 
volume is snid to be tromondous. I havo a vivid recol- 
lection of an account given to mo of theso falls, by my 
friend tho lato, Colonel Edward Smith, of tho Bengal 
Engincors, who paid them a visib during tho rains on 
purpose to tost tho accuracy of*thoir moasuroments, 

Of tho second case, the Jumma from its junction with 
tho Ganges at Allahabad upwards, the Chumbul from its 
junction with the Jumna upwards, and tho different 
inland rivers of the Northem Doab, of which so much 
has been written in theso chaptors, ave all exccllent 
oxamples. The operations of retrogression through high 
land, with all its dotail of tortuosity and lateral drainago, 
is well exhibited in the rogions where tho xivors above 
mentioned joi those to which they are tributary. In 
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the neighbourhood of Agra even, the Jumna flows 
through a labyrinth of impracticable ravines, equal in 
breadth to three miles ; and the Chumbul, on the frontier 
separating the Gwalior from the British territories, runs - 
through 9 belt of broken and vaviny country, the width 
of which is not, I believe, less than six miles; the 
smaller rivers to which I have alluded, although with 
volume of water of an extent comparatively trifling, are 
in the lower part of their courses attended by broken 
ground of a description similar to that on the larger 
rivers, and on an area that would be viewed with astonish- 
ment by those who overlook the causes and the length of 
time through which their effects have been in operation. 

Although, however, it may have been convenient for 
the argument to view the action of water as above de- 
scribed under two separate heads, it must not be over- 
looked, that the whole question of vetyogression, whether 
in rock, clay, or sand, is merely one of degyee. That in 
both the cases which I have above quoted, time, and time 
only, is required to reduce them to the same category ; 
and that the perpendicular fall which nature gives to her 
rocky obstructions is merely a prelude to its ultimate 
disintegration, and to its being worn away and shattered 
to pieces, in the same manner that sand or clay would 
have been, only at longer intervals of time. 

Nature, in her adaptation of perpendicular disse to 
the volumes of water which pass over them, introduces 
all the necessary elements for this ultimate destruction : 
the cataract which by constant attrition wears away tho 
roel: on the upper levels, by its action in the abyss below 
undermines the rock itself; it is limited in its action by 
no artificial impediments, and it is hampered in its move- 
ments by no unnatural restrictions. It is entirely free, 
and it arranges its own works accordingly. 

In an artificial fall constructed on the above principles, 
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wo have the volume of water passing over a perpondicular 
descent, at the foot of which is a deep and spacious basin, 
capable of receiving the cataract in its downward descent, 
and sufficiently capacious to admit of the regurgitation 
and violonce with which the water is agitated, being 
expended before it flows off and proceeds onwards. The 
building in the case of the Ganges Canal works must 
have been of brick masonry,-that is to say, of small 
prisms of burnt clay (not exceeding one-eighth of a cubic 
foot in dimonsions) cemented together by mortar, and 
therefore presenting innumerable seams to the action of 
the fluid. This building would have been a massive one, 
although hardly more so than that which has been 
actually constructed ; it would have rested in almost every 
case in sand, and it would have been protected most 
securely from bed and side action of the curront. It 
would, in fact, have beon precisely in the same condition 
with reemid to material and soil that tho works are at 
present, 

I must hore beg tho reader to refer to Plate XXI. of 
the Atlas, showing the Bahadoorabad Falls, which is a 
fair representation of tho works of this doseription which 
have been built on the Ganges Canal: ho must look to 
the genoral massivencss of tho substructure, to the enor- 
mous thickness of the chamber-foorings and work in 
connection with them, and ilton boar in mind the fact, 
that a person standing on these floorings, during the 
time when « pilo engine (with a rammor of 1,000lbs, 
woight in a drop of 20 feet) is ab work within 10 feet 
distance of the sill of the ogee on the uppor levels of tho 
canal bed, foels distinctly the concussion of overy blow, 
and of ovory descent of the rammer on tho pile head. 
Tt appears to be unnecessary to speculate on the way in 
which the sensation is conveyed; it is sufficient for tho 
purpose of my argument to be satisfied thet it takes 

MQ 
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place, and being so satisfied, to turn the reader's attention 
to the probable consequences of a concussion directly on 
the building itself arising from the perpendicular descent 
over a fall of 8 or 9 feet of a body of water equal in cubic 
content to 6,750 cubic feet, or in weight to 188°3 tons 
per second, falling without intermission, and in an w- 
broken and continuous volume. 

We know that in natural cataracts neithor the rock 
over which the water pours, nor the abyss into which it 
falls, are in the smallest degree constant; they are per- 
petually undergoing change, and periodically subject to 
catastrophes. The natural rock is a portion of tho 
“fim, firm earth,” rigid and immoveable, excepting by 
the action of the opposing cataract. The artificial fall is 
a collection of small picces of burnt clay connected into 
one mass by the intervention of mortar; it is in no way 
connected with the soil in its neighbourhood; with it, it 
ig in no ways homogeneous; the very circumstances 
under which it is constructod render the soil in its im- 
mediate contact inferior in density to that of the intact 
and virgin soil which has not been touched by the ex~ 
cavator; it is in the extreme sense seated in a crator, 
and in matter that has no sort of sympathy with it. 

Thave from the first considered this question of por- 
pendicular fall, under every imaginable point of view that 
offered itself, and Iam fully impressed with the convic~- 
tion, that in dealing with large masses of water as we aro 
proposing to do in the Ganges Canal works, undér tho 
circumstances of the soil and slope of the bed; under 
the nature of tho material with which we are forced to 
construct our buildings; and under a continuous flow of 
water equal to that which I have noted above ;—the por- 
pendicular fall would be inapplicable; it would, in my 
opinion, be expensive and dangerous; and, further than 
this, I cannot imagine that floorings made of brick would 
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for any length of timo be able to withstand tho coneus- 
sion; and the violent action of the water in the reservoir. 

Although discussing a principle, I have used the ex- 
pression “expense” in the foregoing paragraph. This 
item would in many of our falls have been ono, attendant 
in an exorbitant degree on the adoption of the perpen- 
dicular and reservoir plan. The reservoir, to be efficient, 
must have been equal in dopth to the height of the fall, 
or at least equal to ono-half of it; its sides and floorings 
must have been built of the most massive proportions, 
and the work, supposing that brick is used, must have 
been most carefully executed. In cases such as the 
Putizi Falls, where the foundations were actually laid 
21} feet below the surface of springs, and where I was 
obliged to sacrifice the reservoir at the foot of the drop 
at the lock chamber, in consequence of the extrome 
difficulties that we had to contend against,—tho cost of 
perpendicular falls, with their necessarily attendant re- 
servoirs, would have been enormous: the same remark 
would apply to the falls at Sulawur, Bhola, Dasna, and 
Simra, at all and each of which the foundations are laid 
on a level below that of the natural spring surface, 

The conclusions that I havo arrived at aro theso: 
First, that in rivers or canals whore tho slope of bed is 
small, and whore back-wator stands upon the foot of the 
falls, the wator may be allowed to pass over a per- 
pendicular faco, the height of which is restricted within 
moderate limits with porfect impunity, even without 
the existence of tail reservoirs: the dams ov anniculs 
in the Madras Presidency are examples of the success 
of perpendicular falls under the above circumstances, 
Secondly, that in rivers or canals on rapid slopes, where 
back-water is deficient, perpendicular falls, even on a 
moderato height, aro inapplicable ; and whore tho height 
or amount of fall is great, and where the volume of water 


166 SUPPLY OF WATER {PART IIT. 


is large, that they are dangerous. I consider, moreover, 
that this applies to the main streams of the canals in 
these provinces, and more especially to the Ganges Canal. 
On the minor streams and branches (rajbuhas, for in- 
stance), whore the slopes are moderate and the volume 
of water small, perpendicular falls might perhaps be sub- 
stituted for the ogees now in use. I see no especial 
advantage, however, in the change; there is certainly 
none in economy, as the cost of reservoirs would absorb 
any saving that might be contemplated in reducing the 
length of the tail flank walls; these walls, too, are 60 
frequently used as the support of arches for cross commu- 
nication, that here again nothing would be saved. With 
regard to maintenance and repair, the effects of falling 
bodies of water upon the masonry of which our works 
are constructed, might be worthy of consideration. 

Tam not sure whether noise may be accepted as a 
serious and sober reason of objection; but if so, the por- 
pendicular fall would most especially be open to it. In 
the Khadir there are four falls, each with a drop of 9 fect, 
situated within a length of 4} miley; to imagine the roar 
that would be raised by the continuous descent of 188 
tons of water over these perpendicular cataracts, is worthy 
of the consideration of those who disapprove of tho 
ogees which I have constructed. 

I have proceeded to a greater length on the above 
subject than [ had originally intended ; but it is one that 
has given me much thought, and the views that I havo 
adopted have only been decided on after mature dolibora- 
tion, Fully appreciating as I do the advantages of 
studying nature in all her operations, I beliove that I have, 
in rejecting the perpendicular descents for the main lino 
and branches of the Ganges Canal works, shown in the 
clearest possible way the advantages that I have derived 
from this study. 
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The choice appeared to mo to lio between an inclined 
plane and an ogee, of both of which we have examples on 
the Eastern Jumna Canal. My veason for rejecting the 
inclined plano was, that it would haye required a greater 
length of chamber, with a greater surface exposed to 
attrition ; and in all probability, a greator cubic content of 
masonry work: the objections were solely of an econo- 
mical nature, and were quite independent of any peculiar 
preference, 

The selection having been made of tho ogee shape of 
overfall, the curves upon which it was to be described 
were determined as before noted, and as represented in 
diagram 105. 

The falls themsclves may be divided into three 
series :— 

I. Falls with a drop of 9 feot. 
TI. Falls with a drop of 8 feet. 
Ill. Falls with a drop of 5 feet. 


I. Falls with a Drop of 9 feet. 


Those under this item ave confined to the Ganges 
Khadir; they aro four in number, and come under the 
following designation :— 

No, 1: Ranipoor, or Kay’s Falls, 

No. 2. Bahadoorabad, or Parker's Falls. 
No. 8. Bahadoorabad, or Goodwyn's Falls. 
No. 4. Puttri, or Login’s Falls. 

As No. 1 and No. 4 are connected with the super 
passages, and form component parts of those works, they 
have been described in the chapter dovoied to Super- 
passages, 

No. 2 fall consists of abridge (of eight bays of 25 feet 
in width each), which crosses the canal on the uppor 
lovels ; to the tail of this bridge the ogees ave attached, 
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delivering the water into four chambers of 543 feet each 
in width, every alternate bridge-pior being prolonged on 
its down-stream face, so as to divide the space which is 
occupied by the lower floorings into four compartments ; 
in advance of these dividing walls, which are carried to a 
distance of 84 feet from the down-stretm.face of the 
bridge, there is an open space of masonry fidoring, which 
is protected by an advanced area of box-work, or heavy 
material filled into boxes or crates, and covered ‘with 
sleepers, so as to retain the material in position, Addi- 
tional defences are given to these floorings by lines of 
sheet piling, The flanks of the chambers bolow the 
descent are protected by revetmenis, equal in height to 
the dividing walls. Theso-flanks, instead of being in 
prolongation of the alignement of the bridge abutments, 
expand outwardly, gaining, on their arrival at the tail of 
the masonry platform, an excess of 20 feet in width. At 
a distance of 87% feet from this point, the flanks mako a 
slight curve inwards, terminating (on an imaginary line 
drawn in prolongation of the pior next to the abutment) 
in massive projecting jetties. Betwoon, and on the flanks 
of these two jetties, lines of piles, and other protective 
arangements are distributed, so as to secure the safo 
passage of the water over the floorings, and 1o admit of 
the current escaping from the works with as little ton- 
dency to danger as possible. The depth to which tho 
curtain or upper foundation wall is carried is equal to 
20 feet; that of the tail, with the flank rovetmonts and 
jetties, is also 20 feet. 

For the plan of this work I must rofer to tho Atlas, 
Plate XXI. The following outline in diagram, however, 
will show the general design; and its introduction hore 
will enable me to describe the views by which [have beon 
guided in laying out the side revetmonts, in protecting 
tho flanks, and in endeavouring to secure a safo and easy 
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exit for the current after its passage over the masonry 
descents. : 


Diagram 106, 
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Ag the above is the plan upon which the whole of the 
falls on the Ganges Canal, with the exception of thoso at 
Belra (to be horoafter described), havo boon oxecuted, T 
shall here give an outline of the works at Belra, so 
that, by putting it in juxtaposition with that shown in the 
above diagram, the explanation that Tam about to offer 
may be easily comprehended. 

Diagrams 106 and 107 represent two different plans of 
flank and tail arrangements; that in diagram 107 being 
the original design upon which one work only (viz., that 
at Belra) has been executed ; that in diagram 106, being 
a modification of the other, and that on which the rest of 
tho masonry falls have been completed. 

The great objects in works of this sort are to secure 
a free and uninterrupted passage for the current on its 
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escape from the turmoil and agitation attendant on the 
passage of the water over the falls; to reliove the current 
from all provocation, irritation, and vexation, on its 
passage from the masonry to the earthen channel ; and 


Diagram 107. 
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finally, to use every precaution and expedient not only to 
direct the current upon the centro of the canal channol, 
but, if possible, to maintain it in that position on its 
forward movement, 

The plans shown in the above diagrams may bo 
described as “active” and ‘ passive’”’ examples of works 
designed for the purpose of obtaining the desiderata abovo 
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mentioned; diagram 106 (active) being so designed 
that the currents sweeping along the feet of the flank 
walls on the right and left, as shown by the arrows a b, 
a’ 0’, shall, by impinging on the main body of water on 
its escape from the masonry building, give their artificial 
aid to retain the current in a centrical position, and at 
the same time afford protection to the slopes ab x x ; 
diagram 107 (passive) leaving the desired objects to bo 
attained by back-water, as shown at the point a a. 

Both of these designs have advantages peculiar to 
themselves: that at diagram 107 is in use generally on 
tho Hastern Jumna Canal, piles being substituted for 
masonry revetments on the curves BB; that of diagram 
106 is new, and has not yet been tried. The latter, 
however, has the merit of being more compact than the 
original design, and of being greatly more economical in 
its construction. It was, in fact, the enormous cxcava- 
tions whith were required at the falls at ,Belra, the 
difficulty of disposing of tho carth, and laying out the 
embankments, and the extensive area demanding box- 
work at the tail, that led me to the modifieation as 
‘exhibited in diagram 106. 

The outline shown in diagram 106 represents tho falls 
which I am now describing : it will be observed that they 
are protected at the head by a consceutive line of sheot 
piling, botweon which and the body of the work frame- 
boxes filled with boulders are placed, the boxes and boulders 
boing retained in position by sleepers nailed on to the 
pile-heads. A similar line of piles, it will be observed, 
connects the ends of the jotties forming the limit on the 
down-stream side, to the framo box-work and heavy 
material that occupies the space enclosed by the body of 
the work and the flank revetments. This protective area 
of heavy material has aslope of 14 feet to the down-stream 
sido. That on the upper lovels, and which acts as an 
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apron to the whole front of the work, has a similar slope 
downwards to the up-stream direction, The flanks on 
the right and left, both at the upper and lower levels, aro 
strongly protected by piling, the detail of which will be 
best understood by referring to tho Atlas. 

Independently of the deep lines of foundation on the 
up- and down-stream sides, built transversely across tho 
canal, the thickness of the flooring ovor which the water 
passes is 6 feet; it rests upon very fair clayey soil, and, 
with the exception of the upper layers, is constructed. 
entirely of boulders and lime cement; the revetment 
walls, piers, arches and superstructure genorally, aro of 
brick masonry. 

The object of dividing the lower flooring into chambors 
by divisions walls, was to afford the means of repair; and 
for this purpose the cutwaters on the upper levels havo 
been designed with grooves for the admission of sleepers 
or vane planks, which ‘are let down from the roadway 
flooring by windlasses adapted to bitthoads sunk into 
masonry blocks. This line of bittheads and windlasses, 
with nests of sleepers packed below them, acts ns a parapet 
to the roadway on the up-stream faco of the bridge, On 
the down-stream face » masonry wall givos security to 
the line of communication. 

Steps are attached to tho wings of the bridgo, so ag to 
give the means of access to the platform on tho top of the 
flank revetments ; and flights of steps supported on flying 
arches, enablo the establishment to reach the top of tho 
division walls from the upper roadway. No. 2 falls 
being situated on the high road between Saharnnpoor and 
Hurdwar, has a bridge roadway equal in width to 25 foot. 

The coment used in this work was composed of — 

1 part stone lime. 


1 part soorkee, 
1 part sand. 
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The total quantity of material used, and the rates of the 
different species of work, ave exhibited in the following 
table :— 


Bricks (12 x6" x23"). ‘ » 928,500 

Do. (12"x6"x2") é » 728,900 : 
Boulders ‘ . ' a . 817,225 maunds, 
Jhama sy P : : . + 10,919 cubic feet. 
Stone lime G F : 3 . 75,810 rr 
Sooikee 5 : 5 « 71,418 o 

Ra oA OB 

Masonry of all sorts « 12 9 4 per 100 cubic fect. 
Plaster . . . . 418 11 per 100 superficial feet. 


These works were built under the superintendence of 
Captain Goodwyn, and cost, exclusive of regulating 
apparatus, which has still to be fixed, Company’s rupees 
72,788-8-11, 

No, 8. Bahadoorabad falls are constructed at a point 
in the canal alignement where there is a doviation of 
54° from the direct lino: to moet this obliquity, and to 
give the current a bearing upon the new direction, a cor- 
‘responding obliquity has been given to the flank and 
chamber walls: the plan of construction may be mder- 
stood from the figure in Plate XXII. of the Atlas, whoro 
the lining out of this work is shown in extenso. The 
work is, in fact, built on a curve, the segment of a circlo 
whose radius is 960 fect. With the exception of the pecn- 
liavity in the lining out, the dotails of building, both in 
material and dimensions, aro precisely the samo as those 
at the No. 2 falls. Tho depth to which the curtain or 
foundation wall on the uppor level is carried, and that of 
the tail and its flank revetments and jetties, is equal to 
20 feet, 

The cemont used in this work was composed of — 


1 pat stone lime. 
1 part soorkee, 
1 part sand. 


The total-quantity of material used, and tho rales at 
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which the work has been executed, aro oxhibited in tho 


following table :— 
Bricks 12”x6"x24"" .  . . 1,481,220 
Boulders = . Z . : 326,088 maunds. 
Jhama . . + . : ‘ 7,910 cubic feet, 
Stone lime . : és . ‘ 75,998 re 
Soorkee 7 : : 7 ‘ 77,670 5 

Rms. A. P, 

Masonry of all sorts + IL 7 1 per 100 cubic feet. 
Plaster . 7 - 4 8 5 per 100s, feet. 


These works were ia builé under the superintend- 
ence of Captain Goodwyn, and cost, exclusive of the 
regulating apparatus, which has still to be fixed, 
Co. rupees 67,6138-10-3. 


IL, Falls with a Drop of 8 Feet. 


Under this item, are included the whole of the 
masonry falls, extending from Assoffnugeur to Dasna, or 
from the 24th to the 106th mile, They may be dividod 
into two series, depending on their width of waterway; the 
fist series being of equal extent to that of the Khadir 
works; the second being diminished in consoquonce of 
the reduction of theorotical volumo in the canal, depend- 
ing on the abstraction of 1,240 cubic foot por second for 
the Futtigurh branch supply; on. the oxponditure from 
rajbuha heads; and on other causes ‘depending on 
escapes. No reduction, however, takos place until tho 
channel has passed the leading escape at Khutowli, up to 
which point it is liable, on emergency, to be loaded with 
water (which may be tumed off from the above branch) 
in addition to its own supply. 

The falls, therefore, in this section, may bo classed 
under the following heads :— 

First series, with a waterway of 200 foot in width— 
Assofinuggur Falls, at the 24th mile. 
Muhmoodpoor Falls, at the 81st mile. 
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Belva Falls, at the 42nd mile. 
Jaoli Falls, at the 48th mile. 
Chitowra Falls, at the 55th mile. 


Second series, with a waterway of 150 feet in width— 
Salawur Falls, at the 68th mile, 
Bhola Falls, at the 84th mile. 
Dasna Falls, at the 106th mile, 

With exception of additional height to the bridge 
superstructure, which is dependent on the elevated 
embankments and depth of digging, the design for the 
works in this first series is similar in every respect to that 
of the falls in the Khadir which I have before described. 
The Belra Falls, which I have pointed out as a solitary 
instance of doviation from the general plan in the flank 
and tail arrangements, is in other respects also similar. 

In accordance with the views which have guided me 
in drawing up this report, I shall, at the risk of 
being considered todious, onter into a brief detail of the 

ifferorit works, noting tho peculiarities connected with 

soil and foundations, quality of matorial used in thoir 
construction, and variations in the dotails of design, 
which although trifling in themselves, may hoveafter be 
usoful if placod on record. To commonce, therefore, in 
the order of precedence, wo have ag first on the list:— 


The Assofnuggu Falls. 


This work, which is situated at the 24th mile, is con- 
structed on the plan figured in diagram 106. It is built 
entirely of brick masonry with stone limo coment. Its 
elevation is similar in design to those which have beon 
construeted in the Khadir, with exception to the height 
of bridge piers, which have been elevated to bring the 
levels of the roadway in correspondence with those of tho 
embankments. Its wing walls avo flanked by a flight of 
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steps, which give the means of passago from the top of 
the banks to the berms: on the right and left of the main 
arches are recesses or niches, partly io givo rolicf to the 
long line of wall, and partly to givo cover. The bitthcads, 
windlasses, and sleepers are on a uniform design to thogo 
used in the Bahadoorabad Falls. 

The front line of piles and apron, and the protection 
given to the tail, and to the flank jettios, aro on the same 
plan as before described ; the heavy material by which 
the protection is given, being of boulders or round stones 
brought from the beds of the rivers in the Khadiv, 

The foundations are laid in sand of a nature so puro 
and unmixed, that had the excavations not been mace in 
the high land, and at a distance from all drainago, one 
would have supposed that they had been sunk in the bed 
of aziver. I may here draw attention to the quantity of 
sandstone concretions that were found irvegularly distri- 
buted throughout the whole of the excavation connected 
with the sand deposits. In quality and on fracturo thoy 
were identical with the Sewalik sandstone. They oxhibited 
themselves in masses of no great sizo, but either in a 
tabular or a stalactitical form. In dvifts caused by wind, 
reticulated, pipo-like lines of tho samo material, but in 
appearance resembling straws or roots, wero a romarkablo 
feature in these sandy beds. The formation is ontiroly dis- 
tinct fom that of the Kunkur doposits, which are intrinsi- 
cally a recent limestone formed of limo and clay; thoy 
arise, in all probability, from aggrogations of sand and lime, 
formed by some inexplicable laws of affinity. As these 
concretions have been found distributed throughout the 
sand on the whole lino of excavations on the high country, 
it is convenient to refer to them in this placo. he pro- 
portions of sand and lime appear to oxist under gront 
varistions: in the northern districts the gand prodo- 
minates, and the mass is a calcarcous sandstone; in the 
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Alligurh, Mynpoori, Hiewah, and Cawnpoor districts, 
where there is an excess of lime over sand, the conere- 
tions, which I obsorve in these cases assume a more 
massive and botryoidal form, although never exceeding 
a few inches in cubic content, are collected by the lime- 
burners, and on being burnt, produce, it is said, an excel- 
lont lime. 

To revert to the foundations of the Assoffnugew 
Falls, which, as I have before said, are laid in sand. The 
whole of the walls are constructed in hollow caissons 
arched over, and the ends of the jetties rest upon circular 
cylinders or wells 20 feet in diameter, sunk to a depth 
of 20 feet, and used during the construction of tho 
building for the purpose of supplying water to the works ; 
this plan has been universally adopted, and with great 
advantage on all occasions. The foundation wall in the 
front, or on the upper levol, is 20 feet in depth, and 8 feot 
wide; that on the tail is 20 foet in depth, and 10 feet 
wide. The floorings between the foot of the ogee and 
the tail extremity are 6 fect in thickness; and the whole 
work is construcicd on the massive dimensions exhibited 
in Plate XXXI. of the Atlas, 

The bricks which wore used wore mado in the vicinity, 
12” x 6” x 23” in dimonsions, and the proportions of 
the coment wore as follow :-— 


1 part stone hme; and from, 
1 to 2 parts of soorkee, according to kind of work. 


The quantity of material used, and tho rates of building, 
aro shown in the following table :— 


Bricks (12 x 6" x23"). .  °, 84,67,766 

Bricks, small . : : . 1,50,000 

Boulders ‘ . . . . 8,236 maunds, 
dhama . : : . ; ‘ 6,250 cubie feet. 
Stone lime 5 ‘ 65,860 i 
Soorkee : , : . : 85,135 » 


RA OP 
Masonry, including everything . 17 3 11 per 100 culne feet, 


VOL. II, N 
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The work, which was built under the supcrintondonco of 
Captain Goodwyn, cost, without the regulating apparatus, 
which has still to be fixed, Co.’s rupees 91,419-0-6. 


Lhe Muhmoodpoor Falls. 


The most remarkable feature in tho construction of 
these works, was the extraordinary oxtent and minute 
fineness of the sand in which the foundations ave laid. 
The sand, in fact, was of such a naturo, that the whole 
building was laid in a vast crater or inverted pyramidal 
frustrum, it being next to impossible, without imminent 
danger to the workpeople, to attempt perpendicular 
excavations. This sand, as at Assoffnuggur, was accom- 
panied by the concretions which havo been before 
described. The front foundations, or thogo which lic 
transversely across the canal, and which act as a check 
upon the subaction of the water, ave laid to a depth of 
82} feet, in a narrow wall gradually increasing in width 
to the higher level; this wall in its progress of construc- 
tion was carefully embedded in well-rammed sand, an 
operation which proceeded uniformly with the bricklaying. 
The rear and cross walls were built in the caisson fashion 
as practised at Assoffanggur. The bridgo wings and 
attendant superstructure were laid over cylindrical wolls 
sunk to a depth of 40 fect. The general detail of tho rest 
of the work, both in dimensions and matorial, are similar 
to those at Assoffuuggw, The niches, which aro built on 
the right and loft of the main archos at the falls abovo 
described, are here picrced through tho building, so that 
means of access are provided from the upper to tho lower 
side of the bridgo; the bridge wings are flanked by stops 
for the purpose of passage from the road to tho berm 
platform, so that the up- and down- siream sides of tho 
work are connected by free and open means of communi- 
cation. 
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The front apron and the tail” platforms, with all their 
attendant detail of piling and box-work, have been 
executed on these works with the greatest care, and, if 
possible, with greater attention to stability than elsewhere: 
the plan is the standard one, as deseribed at Assoff- 
nugeur, 

The bricks which wore used in this work wore, 
generally speaking, newly made from kilns on the spot, 
12” x 6” x 8” in dimensions; a number of old bricks 
from tho ruins of the Munglow fort were also put in 
vequisition ; but the floorings are coated with selected 
material, viz., the best burnt bricks which were especially 
laid aside for the purpose in the brick manufactories. 

The piling and frame boxes are as usual of saulwood, 
and the heavy material with which the latter are filled 
consists entirely of boulders brought from the Khadix. 

The proportions used in the cement were as follow :— 


1 part stone lime. 
2 parts Soorkce, 


The quantity of material used, and the rates of 
building, will be found in the following table :-— 








Content of Wok Material expended, 
Cubic feet (Super fcial fect) Bricks of all} Stone Sonkee 
of Masonry.| of Plaster, 81Zes. Time ; 








Cubie feet | Cubig feet. 
Masonry. | 451,597 86,562 8,886,977 | 75,266 | 150,582 


x 





rs. A. P 


Masonry of all sorts. . 1210 6 per 100 cubic feet, 
Plastering . : . . 414 2 per 100 superficial feet. 
Metalling . i fs - 6 4 7 #3 a 


The Muhmoodpoor Falls were commenced by Lieutenant 
* Frascr‘of the Bengal Engineers. The superstructure, with 
all the wood and stone work forming the outlying protec- 


tion to tho work, were executed undor the supervision of 
nQ 
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Mr. Frederick Read ; ‘and tho cost was, oxclusive of | 
regulating apparatus, which has still to be fixed, Co.’s 
rupees 80,496-5-83. : 


The Belra Falls. 


These were the first works of tho sort that wore 
commenced upon; I found the work lined out, and tho 
tail foundation walls laid in, on my first inspection carly 
in 1848, . . 
It will be understood from what has been said before, 
that the design of tho ground plan of the Belra Falls 
differs from that of all other works of tho sort; tho 
design is figured in diagram 107, and the whole work is 
represented in Plate C. of the Atlas. 

The front line of foundations is laid to a depth, of 25 
feet, and that on the tail to a depth of 20 foet; those, as 
well as the different cross lines under the floorings, are on 
the caisson plan, as before noted. The soil, although 
sandy—the work being situated immediately on the 
extremity of a ridge of sand (bhoor)—is of tolorablo 
consistency, and of a sufficiently tenacious nature to 
admit of fair oxcavated lines, without the inconvenionco 
and eyils that have beon met with at Muhmoodpoor. 
The dimensions of the floorings, the alovation of tho 
bridge and revetments, and the dotail of the work 
gencrally, are on the standard model. The whole work 
is built of brick masonry, the bricks (12 x 6” x 8’) being 
burnt in kilns situated in the neighbourhood ; here, ag ab 
Muhmoodpoor, the greatest caro has been given to tho 
solection of the hardest class of bricks for the floorings, 
ogees, and thoso parts of the structure which avo opposed 
to the constant attrition of water. 

The protection arrangements, both on the uppor and. ‘ 
lower levels, are executed on the standard plan, and the 
boxes have been filled with block kunkur and boulders, 
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the procuring of which, at this dotached work, has been 
a matter of very great difficulty. ‘ 
The extent of excavation, adapted to the plan on 
which the tail revetments of this work ave built, is very 
great, and the amount of work in the piling and. tail 
. platform proportionately so. A comparison between the 
areas represented in diagrams 106 and 107 will show that 
the first is to the last as 1 is to 1:4809, or-that the 
quantity of work in the tail of the Bela Falls is half as 
" much again as that in the others: I have noted on the 
face of the diagrams the actual areas of the tail floorings. 
The proportions used in the cement were as follow :— 


2 parts of earth lime. 
1 part of Soorkee, 


The total quantity of material used, and the rates 
at which tho work was built, are shown in tho following 
table :— 


Content of Work. Materials exponded, 


Cubic foot | Squarefect | Bricks of Earth 
‘lof Masonry.| of Plaster. | various sizes.) Lime, 


Soorkee, 








Cubic feot.| Cubic feet. 
Masonry . | 396,870 °86,562 2,972,775 | 132,128] 66,062 





Masonry of all mete aes master 18 y £ per 100 cubic fect. 
Metalling 610 2°7 per 100 super, feet, 


The Bela Falls were eucinensed under Lieutonant 
Fraser’s suporintendence, and were brought to completion 
by Mz. Read, by whom all the protection arrangements 
have been cxecuted. The cost of the work was, exclu- 
sive of the regulating apparatus, which has still to be 
‘fixed, Co.’s rupees 77,528-3-9, 


The Jao Falls. 


These works are similar to thoso ab Muhmoodpaor, 
but the soil in which they are founded is of a superior 
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doseription; the front foundation or curtain wall is 
82} feet in depth, and 8 foct broad; the roar or tail wall 
is 20 feet deep; the design is on tho caisson systom, 
which is extended throughout the whole work. In 
elevation and dimensions tho design corresponds with the 
standard plan, of which the falls at Mulmoodpoor aro an 
example. 

The piling and protective arrangements are similar in 
every respect to those before described, tho hoavy mato- 
vial with which the boxcs are filled consisting of kunkur 
blocks. 

The main mass of this building is formed of now 
bricks, with a proportion of tho small native brick, exca- 
vated from ruins in the neighbourhood. The mortar 
consists of the following ingredionts :— 

2 parts of earth lime. 

1 part of Soorkee. 
The quantity of material used, and the rates of the work, 
are as follow :— 


s 
Content of Work. Materials expended. 


Cubic feet [Superficial fect} Bricks of Faith 
ofMasonry,! of Plaster, j various sizes, Lima, 


Soorkee, 





Cubic feet. Cubic feet, 
Masonry . | 867,180 86,562 2,758,475 | 122,377] 61,188 





Rs. A. Y 
Masonry of all souts - 12 7 8 per 100 cubic feet, 
Plaster. ‘ : » 4 0 4 per 100 superficial feet, 
Metalling . . . » 7 1 2 per 100 cubic feet. 


The Jaoli Falls were commenced by Lientonant Fragox, 
and finished by Mr. Read, under whose supervision tho 
whole of the protective arrangements have beon oxecuted, 
These works cost, exclusive of the regulating apparatus, 
which will be fixed hereafter, Co.’s rupees 61,868-11- 104. 
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The Chitowra Falls. 


The depth of the front curtain foundation wall of this 
work is equal to 143 fest, on a width of 8 feet. The 
rear or tail wall is 83 feet deep, on a width of 4 feet.’ In 
other respects the design is identical with that of Jaoli. 

This work is constructed almost entirely of the native 
small brick procured from the ruins of the old town and 
serai of Chitowra. Tho floorings, ogees, and other parts 
subject to tho attrition of the current, have a superficial 
covering, 12 inches in depth, of the best burnt new bricks 
selected for the purpose. : 

The frame-boxes which constitute the protection to 
the head and tail of this work, are filled with one-foot 
cubes of brick masonry, no other matorial being available. 
The piling and woodwork in general are executed on the 
standard plan. 

The cement used in these works consists of the fol- 

_ lowing ingredionts :— 


2 parts of earth lime, 
1 part of Soorkee. 


a 


The quantity of material uscd, and the rates of the work, 
are as follow :— 





Content of Work. Materials expended. 





Cubic feet | Superficial feet] Bricks of Earth 
of Masonry,| of Plaster. { various sizes,| Lime, 


Soorkee, 





Cubic feet.| Cubic fect, 
Masonry . | 316,995 86,562 2,877,472 | 105,664) 52,882 





A OR 
Masonry of all sorts. : il 12 9 per 100 enbic feet. 
Plaster . . . - $8 38 6 per 100 superficial fect. 


The Chitowra Falls were commenced under Lieute- 
nant ‘Fraser's and completed undor Mr, Read’s super- 
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intendence; their cost was, oxelusive of tho regu- 
lating apparatus, which will be fixed horeafter, Co,’s 
rupees 55,182-13-2, 

With the Chitowra Falls, tho first series, or that with 
a. width of waterway equal 10 200, feet, terminates. In 
advance there is a reduction of 50 fect to tho width, 
which brings us to the socond series, which commoncos 
with— 

The Sulawur Falls. 


This work is situated at the 68th milo from tho 
Myapoor regulator. With a new serios in dimensions, 
we here begin a new series of form for foundations, 
spring-water being met with at moderato depths. In 
the tail walls, blocks havo been used univorsally. 

The design of theso works is, with tho exception of 
the reduction to waterway, which loadd to a yeduction in 
the number of arches, precisely the same as that in tho 
former series. Here wo have six bays of 25 fect cach, 
instead of eight, as in the former case, and three chambors 
instead of four; the elevation and arrangement of parts 
is in other respects idontical with tho larger clags of 
falls. Neither this, nor the protective arrangomonts, 
therefore, which are also on the samo plan, demand any 
further description. 

The soil at the Sulawur Falls is suporficially good, 
but it reaches the sandy strata at moderate depths from 
the surface. The spring-water is in puro sand, through 
which the blocks have been sunk. Tho curtain or front 
wall resis upon the spring level, at a depth from the 
canal bed of 12} feet; it is constructed, on tho plan 
beforo deseribod, in caissons; immediately in front, with 
their heads covering tho lower part of this curtain wall, 
aline of sheet piling has been driven to a depth of 18 feat. 
The tail foundations rest upon a, line of blocks, which ave 


. 
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sunk to a ‘depth of 12} fect, Both fron-and rear lines 
of piles, and boxes filled with heavy material, act as 
guards to the work from the action of the current; the 
details of these protective arrangements are similar to 
those before described, * Blocks of kunkux, procured from 
the quarries in the neighbourhood, have been used as 
heavy material for filling the boxes, 

The Sulawur Falls are entirely built of new brick, 
12” x 6” x 8”, burnt in the kilns in the neighbourhood ; 
and those parts which are liable to attrition of current ° 
are built of selecied material, : 

The mortar consists of the following ingredients :— 

2 parts of earth lime. 

1 part of Soorkee, 
The quantity of material used, with the rates of the work, 
are i— 





Content of Work. Materials expended, 





Cubie feet |Super, feet] Bricks of Earth 
lof Masonry| of Plaster. | various sizes.) Lime, Soorltee, 





7 Cubic fect, | Cubic fect, 
Masonry « | 825,868] 24,114 | 2,440,260 | 108,456] 54,228 


a 





Ra A, OP, 
Masonry of all sorts, including plaster . 13 12 8 per 100 cubic ft, 


The falls at Swlawur were built under Mi, Read’s supor- 
intendence, and cost, exclusivo of regulating apparatus, and 
a little work to finish off, Co.’s rupeos 57,885-0-9, 


The Bhola Fails. 


This work is identical with that at Sulawuy; the front 
curtain wall ig sunk to a depth of 164 foot, with the 
standard dimensions in width. The tail rests upon 
blocks which hayo beon sunk to a depth of 214 feet. 
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In design of superstructure, thickness of floorings, pro- 
tection to the upper and lower levels, and general arrango- 
ment of its parts, it is in no way different from the worls 
last described. Blocks of kunkur havo hero also beon 
used in the protective arrangements, 

Tho whole of this work is built of newly-burnt bricks, 
and it it was during the whole poriod of its construction 
nnder the eye of a Huropean supervisor, who lived on 
the spot; it has, therefore, if European aid is superior to 
native, been built under great advantages. 

The soil was similar to that at the Sulawur works. 

The cement used consisted of the following ingro- 
dients :— 

2 parts of earth lime, 

1 part of Soorkee, 
The total quantity of material used, and the rates of the 
work, ave exhibited in the following table :— 








Content of Work. Materials expended. 
_ Cubic fect | Superficial fect} Bi icks of Earth 
of Masonry.| of Plaster. sizes. Lime, Boorkeo, 








Cubic fect.| Cubic feet, 
Masonry. | 381,105 24,114 2,483,287 | 110,368} 55,184 





A 2 
Masonry of all ane eatoding plaster 15 11 9 per 100 cubic feet, 
Metalling : E » 5 2 89 i" ” 


The Bhola Falls wore built under the superintendence 
of Mr. Read, and cost, exclusive of the regulating apparatus, 
which has still to be fixed, Co.’s rupees 65,520-6-84, 


The Dasna Falls. 


The same romark applies to this as to the last work ; 
the front curtain wall is sunk to a depth of 20 feet, on 
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the standard dimensions and design, The rear tail wall 
is laid in to a depth of 12 feet without the use of blocks, 
the brickwork being laid upon the spring level. In other 
rospects, both in elevation, and in the arrangements of 
its parts, it is the same as the works at Sulawar and 
Bhola, 

In digging the foundations of the left jetty, or the 
terminal oxtremity of the revotment on the left down- 
stream side, an apparently isolated pioce of quicksand 
was met with. Blocks might with advantage have been 
used at this particular spot, but the appliances were not 
at hand, and it was considered that o platform resting 
upon the heads of piles drivon a depth of 12 feet, and at 
close intervals, would have been sufficient for the stable 
support of the superstructure. A slight settlement, how- 
ever, took place within six months after the work had 
been completed, showing itself in a perpendicular crack 
about 88 feet from the tail end of the jetty. After in- 
specting the part affected, and from the nature of the 
piled foundations, considering that ié would be noxt to 
impossiblo to removo thom, I adopted the following plan 
of repair, the value of which must be judged of here- 
after. Ags the most distinct mothod of explanation, I 
hore givo an extract from my memorandum addressed to 
the engineer, My. Read, on his reporting that he 
doubted tho possibility, with the means in his pos- 
sovsion, of extracting the piling which had been 
dyivon, even if the masonry of the fractured end was 
pulled down and removed, for the purpose of re- 
building it :— 


(Extract from memorandum, No. 119, dated 7th Dec. 
1852.) 


‘1st. To lot the wall stand as it is at present. 
«9nd. To drive a line of 12 feet kurries, or sheet 


* 
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piling, at a distance of 6 feot* from the foot of tho wall, 
as shown in the following diagram :— 


Diagram 108, 






Posirion 
OF CRA’ 







TAIL Prune SS 
stn ee cet erennsens, 


A. To be dug out when Jaying in the front. B, Rubble magonry, 


* 8rd. When the line of sheet’ piling is completed, the 
soil between it and the body of the wall is to he dug out 


* This line of piling was subsequently abandoned, there ‘being 
reason to suppose that the force employed in driving the piles acted 


injuyiously on the masonry. ‘The repair actually made is represented 
in the following diagram :— 


’ Diagram 109. 





TAIL PILING 
evasaconeces 


B B. Rubble masomy. 
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as deoply as possible, and the space 80 dug out is to 
be filled in with rubble masonry, with lime cement 
(see fig. 2). This must be done very carefully, it must 
be executed in bits commencing from the end #; if there 
is any inattention on this point, and the foundations of 
tho wall are lefi bare and exposed on long lines, the 
superstructure of the wall may fall forwards. To provent 
any possibility of such a catastrophe, Mr. Read is advised 
to remove the earth from the rear of the superstructure, so 
as to relieve the walls from thrust as much as possible.” 

The crack at the extreme end of the lever (the settle- 
ment having taken place apparently at « in the above 
diagram) did not exceed a quarter of an inch; but as this 
particular part of the work is opposed to all the violence 
of the current, a flaw of the sort which occurred could 
not have taken place at 2 worse point. 

The massive parts of the foundations and floorings of 
the Dagna Falls ave built with blocks of kunkur; the rest, 
including the superstructure, has been ontirely con- 
structed of newly-burnt bricks of the standard sizo, 
12” x 6” x 8”, ag made in the puzawa or native brick- 
kiln, The cement which has been used is made of the 
following ingrodients :— 

Pure kunkur lime, 
The quantity of material used, and the rates of the work, © 
were as follow :-— 











Content of Work. Materials expended. 
aay Cubic feet of | Superficial feat Bricks of Kankur 
Masonry. of Plaster. sizes. Lime, 
s Cubic feet. 
Masomy . 804,886 24,114 2,286,645 152,443 





Pp : 
3 per 100 cubic fect. 
7 


” ” 


an 


RS, 
Masonry of all sorts, melas aad 13 
Metalling oan 
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This work also had tho advantage of the constant attond- 
ance of a European officer, who lived on tho spot 
during the whole of its construction, and who saw the 
work in its daily progress. It was begun and comploted 
under the superintendonce of Mr. Read; and cost, ex- 
elusive of regulating apparatus, which has still to be fixed, 
Co.’s rupees 54,639-12-8. 

The above gives as concise a description as possible 
of the falls with a drop of 8 fect, as included in Soc- 
tion IL, and which are confined entirely to the line of 
the main canal lying above the head of the Bolundshuhur 
Branch, 


TI. Falls with a Drop of 5 fect. 


This section includos two descents near the village of 
Pulva and Simra, which are consequent on the general 
depression of the surface of the country, at the heads of 
the Seyngoor and the Rinde Rivers; they are situated at, 
the 149th and 164th miles of the course of the main 
canal. The Moonda Khera escape, with’ a waterway of, 
60 feet in width, lies at a point cight miles on the up- 
stream side of these descents, and three miles below them 
is the Kasimpoor escape, a work on the same dimonsions 
as that at Moonda Khera. 

The Bolundshuhur branch head, which abstracts from 
the main canal 520 cubic foot per second, is situated 
88 miles above the falls; and tho Koel head, which is of 
the same dimensions as that at Bolundshuhur, lies 
between them at a point three miles bolow tho first 
descent. ” 

From the Dasna Falls, which terminato tho last sories, 
to the head of those at Pulra, whtich commence tho present 
one, the distance is equal to 48 miles. The Pulra and 
Simra Falls are separated by a distance of fillcon miles. 
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By describing the precise position of these works 
relativoly to the branch and escape heads, their value will 
be more perfectly appreciated. I haye before alluded to 
the power that we hold in our hands of relieving the falls 
entirely from water by the proper adjustment of the 
branch heads, and that of the Moonda Khera escape; 
and of the further power which the escape at Kasimpoor 
offers of regulating the supply of the Nanoon regulators. 
We now, therefore, proceed to a description of the falls 
themselves. 

The general design is similar to that which has been 
before described. The width of the waterway has been 
reduced to 100 feet (to meet the reduced capacity of 
channel), divided into five bays of 20 feet each, each bay 
having its corresponding chamber on the tail floorings. 
The proportions of the work generally have becn adapted 
to the locality in which it has been built: in other 
respects the falls at Pulra and Simra are a more counter- 
part of those which havo gone before them. The works 
which I am now about to describe, therefore, are as 
follow :— 


Falls with a waterway of 100 feot in width. 
Pulra Falls, at the 149th mile. 
Simra Falls, at the 164th mile. 


The Pulra Falls (vide Atlas, Plate XL.) 


This work has, as will be understood from the pre- 
ceding paragraph, a waterway of 100 feet in width, divided 
into five bays of 20 feet cach; the roadway is formed by 
segmental arches of 60° which aro thrown over the bays 
so as to form a passage of 21 fect wide ; the piers are 
prolonged on their down-stream sido, so as to divide tho 
flooring into chambers of 20 feet in width; and the up- 
stream face of the bridge is fitted with shutters, so that 
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in cage of emergency, o chamber may bo closed, Thore 
aro the same facilitics of access given to the different 
parts of the works by means of flights of stops and 
avched passages on the flanks of the main bays as are 
given in other buildings of this description, and tho flank 
revetmenis and jetties are constructed in tho form repro- 
sented in diagram 106. 

The foundation walls are built solid, and not in tha 
caisson fashion before described ; the front or curtain wall 
is sunk to a depth of 16 fect. The flank revotments and 
jetties rest on foundations laid at a depth of 13 foot below 
the canal bed. : 

The abundance of kunkur, quarries of which aro 
numerous in-‘the Bolundshulur and Alligurh districts, 
enabled ug to dispense with piles and wood-work, the 
cost of which would have been considerable. The 
protective arrangements on the upper and lower levels, 
which in former cases I have described 28 consisting of 
lines of piles, and frame box-work, are here exchanged 
for solid kunkw floorings, the lines of piles being 
represented by consecutive walls, and the framo box- 
work by unbroken sheets of tho largest procurablo 
kunkur blocks. : ‘ 

The falls thomselyes, with the oxception of the bridge 
arches and those parts of the structuro whero it was most 
convenient to use brick, have been entirely built of 
kunkur. The ogees and floorings have a surfaco 6 
inches in thickness of the best brick masonry. 

The cement consisted of the following proportions :— 

1 part of kunkur lime to 
1-20th of white stone lime. ‘4. 

In excavating the foundations for the locks which lio 
parallel-to the Pulra Falls, beds of kunkur had to be cut 
through; clay and a reddish earth locally called ‘ kupeha,” 
however, formed the predominant strata in the founda- 
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tions of the falls; the soil was of the best description 
that had been met with in founding works of this sort; 
and water was sufficiently close to the surface to admit of 
its free use in the works, 

The quantity of material used, and the rates for 
building were as follow :— 





Content of Work. Materials Expended, 





Cubic feet | Square fect! 3 inch 
of Masonry.| of Plaster. Brick, 


Block Stone | Kunkur 
Kunkur, } Lime. | Lime. 








Maunds, |Mounds,|Maunda, 


Masonry | 174,875 | 48,274 | 291,141 128,802] 1174 | 48,318 








RS A OP, * 
Arc? Masonry . - 12 0 0 per 100 cubic feet. 
Owe Masonry . . 10 2 8 a » 
Rates Plastering . . . 2 7 8 per 100 square feet, 
" ‘\Metalling . . ~« 20 0 ” ” 
Bittheads . F - 16 0 Oeach. 
Windlasses . - 800, 


-. Tho Pulra Falls wore begun and completed under the 
superintendence of My. Philip Volk, and cost— 


ns. A PB 





Masonry work : : i . . 17,404 11 1 

Protective works . i . ; . 1,680 12 10 

Woodwork . 240 0 0 

Wood and Ironwork still to bo completed . 1,000 0 0 
Total Co.'s Rs. . + 20,275 7 11 
The Simra Falls. 


These are a counterpart of those at Pulva, with 
slight deviations in the foundations arising from the 
contiguity of spring-water level to that of the canal bed. 
The curtain’ or upper foundation walls of the Simra Falls 
ave 15 foot in depth, and consist of a plain line of solid 
masonry 6} feet wide. The tail foundations are laid on 
blocks sunk to a depth of 15} feet. 

VOL, II. 0 
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Kunkur has been used freely here as at the Pulra 
Falls: it may, with the exception of the floorings and 
arches, be considered the staple material of the building. 

The cement is of the following ingredionts :-— 

1 part of kunkur lime, to 
1-20th part of white stone lime. 

The quantity of material used, and the rates of 
building are shown in the following tablo :— 





Content of Work, Materials 'Expended. 





Cubic fect | Square feet} 3 inch Block Stone }unkw’ 
of Masonry,| of Plaster. | Bricks | Kunkur, | Lime, | Lime, 





Maunds |Maunds,|Maunds, 
Masomy | 186,063 | 45,059 | 276,804] 122,790] 198 | 50,417 


RA A Pg ’ 


Arch Masonry . + 12 0 0 per 100 cubic feet, 

Other Masonry . » O14 i ma 

Plastering . . « 2 8 23 per 100 squared fect. 
Rates {uoaling | 1) 200 yy 

Bittheads . : » 16 0 0 each 

Wandlasses . » 6 00 , 


Tho soil in which thoge works aro laid is of an 
inferior quality to that at the Pulra Falls, and tho 
proximity of spring-water places them in connection 
with sand: the protective curtains, howover, are built 
entirely of largo masses of kunkur, laid in with comout, 
and aro sufficient to relieve the work from all dangov. 

The Simra Falls were begun and completed under the 
superintendence of Mr. Volk, aud cost— 


RK oA, OP, 
Masonty work é ‘ 3 ‘i » 19,042 2 9 
Protective works . ‘ ‘ . + 41,604 12 10 
Woodwork . 5 5 i : . 240 0 0 
Wood and Ironwork still required =. . 1000 0 0 





Total Co’s Rs, . » 21,886 15 7 
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This brings us to a conclusion on the subject of falls; 
the minor descents which I have described as existing on 
the Cawnpoor and Etawah terminal lines being unaccom- 
panied by any works of sufficient magnitude to call for 
explanation. It will be satisfactory, however, to append 
a table of the calculated values of the falls above described, 
in connection with their theorotical discharge. 

In drawing up this table, I have allowed the 
obstructions from piers or afflux, to cancel the value of 
initial velocity: the figures, therefore, actually exhibit 
the depths due to water pouring over weirs from a still 
basin. My calculations are based on the formula for this 
species of discharge; because both the afflux and initial 
velocity were necessarily variable quantitios depending on 
the volume of water. Variable a8 they were, however, 
their effects were always in my favour, by tending to 
decrease rathor than to add to the height or depth of 
water on the sill or wasteboard of the works, 

The falls on the Eastern Jumna Canal, which are 50 
feet in width, in one bay of 20 and two of £6 feet each, 
carry over their sills an avorage depth of 8 feet of water: 
the maximum may be considered as 83 fect, although 
occasionally in the rainy months tho rogister rises as 
high as 83; the actual discharge under the abovo figures, 
and with the rogervations above alluded to, is ag 
follows :— 





Discharge in cubic feet 


Width of Waterway. | Depth of Water on Sill. per second, 
Feet, weet, | 
60 8°75 1,230°875 
50 3+50 1,112° 650 
50 8:00 882-300 





Excopting in extreme cases, and then only for short 
periods, the depth of water upon the sills of the Masiern 
02 
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Jumne Canal Fails is 3 fect; it is frequently and gonorally 
in the lower divisions under this depth. 





LD x YD x 6:1 x 2 == Dischaige in eubie feet per second. 














3 

Troportion, of| i. rit 

i : c: AC pply | ‘Mheoratical 

re Width of me RS whieh reaches Discharge 
Myapoor water- | tho ticad | the hoad of |m cubie feot 

hegulator.| “*Y | of Falls.| the Falls in } per accond, 

cubic fect 

Assoffnuggur Falls 24 200 5 6,667°5 7,382°0 
Muhmoodpoor Falls) 31 200 5 6,585 +0 7,582°0 
Belra Falls... 42 200 5 6,502°5 7,582°0 
Jagh Falls... 48 200 5 6,120°0 7,582°0 
Chitowra Falls. 55 200 5 5,097°5 7,582°0 
Sulawur Falls. . 68 150 5 5,015°0 5,086 °5 
Bhola Falls. 84 150 5 4,932°5 ]  5,686°5 
Dasna Falls . .| 106 150 5 4,850°0 5,686°5 
Pulva Falls. . . | 149 100 5 3,994°0 3,791°0 
Sima Falls . .) 164 100 5 3,854 °0 8,791°0 

















As the action upon the brickwork and floovings of 
the above works (with tho design and construction of 
which I was familiar) was well known, and could aftor 
an experiences of twonty years bo woll appreciated, I 
considered that, in the Ganges Canal Falls, wo might 
with perfect security increase tho axbovo depth upon 
the sill to 5 foot, or even aw far as 6; but I adopted 
the minimum quantity, a8 that to which wo might more 


satisfactorily approximate. 


Tho disposition of works in 


the series of waterways abovo described is dopondont 
on other causes than the discharge of tho theoretical 
volume: to these I havo before alluded in describing 
the position of outlets and contingoncies of ailditional 
supply to the main channels from the closing of tho 
branch heads. The massivencss of foundations is 
dependent on the naturo of the soil, which, in most 
cases, is sand; if was not thought worth whilo, Low- 
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ever, to alter in their minor details standard plans and 
recorded dimensions, for the purpose of adapting solitary 
works to their own particular locality. 

The preceding table will show the amount of theo- 
rotical volume of water at the head of each of the falls, 
and tho amount of discharge, supposing that tho depth 
of water on the sill or upper platform of the ogee is 
equal to 5 feet. Tho formula used is that for dis- 
charges of water from reservoirs over sido weirs or open 
sluices. 

The amount of volume, as exhibited in the fourth 
column, is liable to a deduction of about 250 cubic feet 
a second, for wator supplied to the navigablo cut, which 
leaves the main canal above tho falls: this deduction 
may be considered constant, as the navigable channel 
can only be kept in an efficient state by forcing a 
current through it. 7 





PUZAWA, OR NADIVED BRICK-KILN 
(tnd View ) 


198 


Cuapten III. 


WORKS OF COMMUNICATION. * 


Tun regulating ond other bridges forming part of the 
works at Myapoor and Dhunowri; those situated at the 
terminal lines at Nanoon, and at the Futtigurh, Bolund- 
shuhur, and Koel branches, together with those connected. 
‘vith the falls and the different buildings for crossing tho 
canal at the terminal works on tho Ganges and Jumna 
rivers, are not included in this chapter. I confine myself 
here to bridges which have been built expressly for the 
convenience of the public, the description of those above 
mentioned having been included in that of the works of 
which they form componont parts. 

For the convenience of reference, I shall place tho 
works which are here to be described in sections, as in 
preceding chapters, dovoting the leading one to ‘ Contor- 
ings,” a position which it naturally oceupics in con- 
nexion with bridge building generally; and in tho Gangos 
Canal works particularly, where cconomy of timo; as woll 
as of money, had s most material influonce in the pro- 
gress of the works. It was ono which - accordingly 
demanded the earliest consideration. Under this viow, the 
present chapter is divided into the following soctions :— 


I. Centerings. 
II, Bridges between the head of the canal and 
Roorkee, 
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III. Bridges between Roorkee and the Nanoon Fork. 
IV. Bridges on the Terminal Lines between the 
Nanoon Fork and the Terminal Works. 
A. Cawnpoor Line. 
B, Etawah Line. 
Y. Bridges on the Branches. 


I. Convrerines. 


These may be separated into two classes; the first, 
consisting of timber, or the method usually adopted in 
Europe; the second of earth, or a combination of earth 
with brick ribs, as common to India, On the Ganges 
Canal Works, the above classes may be thus described :— 


Class I, A. Centerings used at the Myapoor Head 

Works. 

B. Centerings used in bridges of 55 feot 
span in the Khadir Works. 

C. Conterings used on tho high land of the 
Doab, 

D. Centerings used at the Solani Aqueduct, 
and at the Falls in the Khadir or 
Northern Division of the works. 


Class II, A. Simple centorings of earth. 
B. Compound conterings of earth, and ribs 
composed of a rigid material. 


Before proceeding with a description of the above, I 
may remark, that the rule adopted in all cases, was to 
reliove the arch slightly as soon after the keying was 
effected as possible; to continue this velief gradually and 
according to the circumstances of the particular case, but 
invariably to have the centering removed entirely within 
a month after the arch was keyed. 


200 WORKS OF COMMUNICATION. [PART III. 


Crass I, 


(A. vide Sheet 1, Plato XLIT. of tho Atlas.) This 
design was put into practice throughout tho works at tho 
canal head at Myapoor. With centerings of this dosevip- 
tion, the arches of tho regulating bridge of tho Boclna 
inlet, and of the small bridge that lics on tho nulla of that 
namo abovo the inlet, wore built. Tho span is 20 foot, 
and the ribs, ten in number (placed 4 fect apart), wero 
supported on temporary pedestals mado of brick and mud, 
erected close upon the piers. The ribs rested on a striking 
apparatus consisting of the usual double wodgo or pyra- 
midal shaped bolts, which were supported by the above 
pedestals. The results appear to have been satisfactory, 
although I havo no record of the action upon the archos 
on the removal of the conterings. The arches aro built 
in three concentric rings, 6 inches in dopth cach, and are 
consequently without voussoir: their curve is a sogment 
with a rise equal to 4 fect, or to 1-5th of tho span. 
Newly-made bricks 12” x 6” x 23’ were the material 
used, Theso conterings wore Ucsigned by Lioutonant 
Richard Strachey, of the Bengal Engineers. 

(B. vide Sheot 2, Plato LXIT. of tho Atlas.) Tho 
whole of tho 55 feeb span arches in tho Khadir and 
Northem Division have been built with this species of 
centoring; its great morit consists in its boing made with 
the kurvi or staple rafter brought from the Sewalik foroste ; 
in the kuries not being picrced or injured by tonon and 
mortice; and, consequently, by their being available 
for other purposes afterwards. Tho dosign is an oxcollont 
and a most oconomical one ; it is due to Lioutonant Yulo, 
of the Bengal Engineers. 

The method of fixing the ribs in position was hore 
(allowing for the excess of width) much the same as in 
the former case. In addition to the flank, there wero 
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three intcrmediate pedestals, upon which the striking ° 
apparatus, similar to that used at the Myapoor works, 
rested, and the process of striking was performed on the 
plan above explained. These arches, although exhibiting 
on the intrados an elliptical curve, are all perfect segments 
of circles, with the voussoirs of brick courses radiating to 
one centre: the construction in this respect is shown in 
Fig. 8 of Sheet 2, Plate LXII.; they are built with largo 
bricks 12” x 6” x 24”; the thickness of the brick being 
in some cases three inches. In the volume of tables, 
Appondix I,, a return will be found of the amount of sub- 
sidence of the crown of each of these arches, following 
the removal of the centerings. During the construction, 
I am not aware that any Settlement was observable; and 
the terminal bridges of the Solani Aqueduct, which were 
built with these contcrings (the wp-stream one by My. 
Parker, and the down-stream one by Mr. Login), are two 
of the most satisfactory works of this sort that have been 
completed. 

(C. vide Sheot 38, Plate LXIT.) These were designed 
by Lieutenant Fraser of the Engineers, who had charge of 
the second division, in which tho leading bridges next to 
those at Roorkee are included. ‘Tho centering was only 
used on six occasions; the cost of carriago from one spot 
to another was found to bo vory great, and tho delay 
attending upon its use was fatal to progress: after the 
completion of the six bridges at Munglour, Liburheri 
Dimat, Togulpoor, Belra and Bhopa, the woodwork was 
converted to other purposes, and the use of earthen cen- 
terings was adopted. The method of fixing tho ribs and 
of striking the centerings needs no particular description ; 
generally speaking, it was similar to that laid down for 
the guidance of executive officers, and practisod im the 
former cases. The Munglour Bridgo arches were in all 
their parts olliptical; their brick courses were laid in 
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voussoir from the five contres on which tho intrados of 
the other bridges of this doseription woro doscribed: this 
is a solitary example of this species of arch; and as it so 
happened, tho disarrangement on rolioving it from its 
contering has been greater than olsewhoro. Tho bricks 
used were 12” x 6” x 8”, laid carcfully in voussoir, tho 
bricks being cut for tho purpose. The return of sottle- 
mont of the crowns of all tho bridges built with tho abovo 
centering will be found in the Table. 

(D. vide Sheets 7 to 9, Plato XXVII.) These con- 
terings were designed by Captain Goodwyn of tho 
Engineers; they have been used at the bridges on the 
heads of No. 2 and No, 8 falls in the Khadir, and on the 
Solani Aqueduct. As a detailed description of those 
centerings is given in the chapter devoted to the aque- 
duct (vide pages 496 to 499), it will bo sufficiont horo 
to observe that the ribs rested on timber tresscls, and that 
the striking was performed undor the usual rules with 
regard to time. Theso centerings did their duty’ vory 
effectually, 

In all the above cases, the curved surface upon which 
the brickwork was laid, consisted of squared kurries (tho 
common refter of the country), laid transversely across 
the ribs, in close contact, but not fastened: over this dry 
soorkhi was thrown, partly to rectify irrogulavitics, and to 
equalize the curve, and partly to prevont the adhosion of 
the kurries to the intrados on the sinking of the contering. 


Cxass IT. 


A. The arches of all tho bridges extending from the 
47th to the 110th mile, were built on centerings of carth 
only; tho design of which will be best shown in a diagram 
representing a bridge on its transverse vertical section 
through the crown of the arch. 

With the exception of the. cight bridges at the lower 
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extremity of the line on which this species of centering 
was used, the canal channel had previously to the con- 
struction of the arches been entirely cleaned out and 
excavated; this was rendered neccssary from the sandy 
nature of the soil, which did not admit of rectangular 
sided excavations for piers or abutments; on the con- 
trary, to prevent accidents from the subsidence of the 
sides, it was a matter of the utmost expedicncy to 
excavate on long slopes; and during the progress of tho 
building of either the foundations of the piers and abut- 
ments, or of the curtain walls lying intermediately, to 
carry on a gradual process of filling in, the level of each 
day’s work in masonry being met by a corresponding 
level in the replacement of the carth. In extreme cases, 


Diagram 110. 





Jarth well sammed without tho 
application‘of Water. 







Bed of 
Canal 


therefore, when tho soil in which tho foundation walls 
were laid was pure sand, the whole of tho area on which 
the masonry rested was one erator or holo, and on tha 
completion of the above walls, tho soil in their vicinity 
was nocessarily loose and compressible ; the floorings 
of tho bays, therefore, were not built proviously to the 
erection of the centorings, nor could the economy which 
will bo noticed froquently, of constructing tho centorings 
on the natural terreplein, be adopted. The course of 
proceeding in all the above-mentioned cases was as 
ollows:—T'o complete the excavation of the canal, to 
inish the substructure of the bridge in all its parts (with 
2xception to the bay floorings) up to the level of the top 
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of the impost blocks; to fill tho bays with earth, as 
shown in the preceding diagram ; to form tho upper purt 
of the surface in tho desired curve, and upon it to build 
the arch. : 
As tho results of our leading trials with thoso eon- 
terings had a very material influence on tho design for 
tho centerings of the aqueduct, I must, at the oxponse 
of some detail, explain the cireumstances under which 
this influence was exerted. The Solani Aqueduct consisiy 
of fifteen arches of 50 fect span cach, the width, 192 foot, 
being divided in the centro, so that the archos might be 
constructed separately in widths of 96 fect cach. To 
make timber centerings for such an oxtont of arch work, 
was not only oxpensive in ilsolf, but, at the period in 
question, was considered to bo a work of groat timo and 
labour: in the early part of our procecdings, thereforo, I 
had intended to adopt earthen centerings similar 10 thoso 
in common use by the natives, and tho only question that 
arose was, whether to make them of simplo earth, o* of a 
mixture of brick wall and carth. As far as cconomy was 
concerned, the saving of expenditure in using this simplo 
species of contoring would have boon cnormous; and 
although there were inconveniences in connection with 
the total stoppage of the waterway, which would havo to 
be remedied by securing’ the completion ‘of tho archer, 
and the vemoval of the centerings during throe months 
in the year when no floods could be expected, the plan 
had great advantages in othor rospects, and it had my 
decided support. Before arriving at any conclusions, 
however, it was advisable to sce the results of the earthon 
conterings which were at that time in progress of con- 
struction below Roorkee; and although the weight of the 
arches of the 56 fect span bridges was loss than that of 
those of the aqueduct, we should gain some practical 
information which might be of serviec, Tho rogults were 
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sufficiently unsatisfactory to lead mo to discard this 
species of contering for the aqueduct arch; and I could 
devise no satisfactory method, either by brick ribs or by 

* transverse walls, of qualifying the evils that were inherent 
in centerings of this description, without adopting in 
eatenso the native method of building a rigid centering, 
and allowing it to remain until the masonry of the arch 
was indurated. 

To explain the objections to the carth centerings, 
which appeared to me to be fatal to arches intended 
for the support of largo bodies of constantly running 
water, I will, in diagram, show in elovation that which 
has been before exhibited ‘in cross section, 


Diagram 111, 





. Avepresonts the carth, of which tho transverse section 
is shown in diagram 110. B represents the arch, in the 
construction of which the brick courses are Jaid from the 
skew-backs « a, inwards towards bb. Now, in building 
the arches, if was universally obsorved that when tho 
courses of the brickwork had reached beyond the point 
of oquilibrium, and immediately when tho weight of the 
material began to act on the compressible centcring, 
there was a tendency to ‘downward action on two 
hinges, one of them at tho skew-back, the other about 
four fect from it—at thoso points marked « and b in 
the above diagram: here thore were distinct soparations 
in the brickwork, increasing as tho arch advanced towards 
its centre, the maximum width of opening as observed 
not excocding one inch on tho extrados, at the poriod 
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when tho final measure of keying took placo, During 
the operation of keying, and immodiately afterwards on 
the earth being removed from the intrados of tho crown, 
the separations’ abovo described closed; but, although 
this closing was to all intonts and purposes as porfoctly 
effected as it could well be, the lino of separation was 
distinctly traceablo along the whole width of tho arch 
on its extrados; and I considored it advisable in ovory 
case to establish for a week or ton days over tho lino 
of separation a trough of limo-water, so that the con- 
tinued percolation might rostore the masonry to its 
original integrity. 


Diagram 112. 





a b, Trough. « Ldging to rotain water mixed with limo over {ho poi . 
: 2, Water mined with line, z tno pols or romain 


However unimportant such a defect might Vo in 
arches for yoadway purposes, I concluded that for an 
aqueduct carrying a depth of 10 fect of water, it was 
quito inadmissible: the aqueduct arches, moreovor, 
being considerably heavier, would in all probability bo 
attended by scparations of a much moro sorious cha- 
racter. Harthen centerings for tho aqueduct, thorofore, 
wero at once abandoned ; and*al this period the dosign 
which has been now carried out, and which was most 
opportunely suggosted by Captain Goodwyn, the execu- 
tive engineer of tho works, relieved my mind from any 
further anxiety on the subject. « 

The earthen centerings, therefore, which woro built 
in the Qnd division, were the exporimontal euides to 
those of the Solani Aqueduct, whilst in thotr own 
especial duties they acted satisfactorily, and wora tho 
cause of great saving both in timo and oxpendituro. 
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The value of settlement of the crowns of arches in all 
the bridges where this species of centering has been 
used, will be seen in the table; and from this a com- 
parative estimatc may be made of the amount of 
depression in other cases. 

I may observe, in conclusion, that immediately tho 
arch is keyed, parties are placed so as to remove the 
earth from that part of the centering lying directly 
under the crown, or within the dots marked in the 
diagram: after the removal of this, it will be understood 
that that part of the centering lying to the right and 
left is easily got vid of; in fact, from its elevated posi- 
tion, the labourers are able to dispose of the carth, 
and throw it on the lower levels with little waste of 
time, and with little expenditure of exertion. 

The arches in this series were, with the exception 
of the bridges of the 3rd class (as deseribod in the fol- 
lowing section), which wero made with small native 
pricks, built entirely of now bricks, 12’ x 6” x 8”, with 
excellent mortar, used as sparingly as possible, and somi- 
fluid, whilst tho bricks thomselves had been, previously 
to their being laid in the work, well soaked in water. 

B. In the centoring above noted, wo have a material 
homogencous, and, as far as earth is so, cqually com- 
pressible on all the surfico on which the arch is laid; 
in that which we are now about to describe, we havo a 
mixture of rigid and comprossible material, and in this 
respect theoretically inferior to the other; it has the 
advantage, however, of preserving the form of the arch 
in the truo curve on which the segment is designed, 
and with proper management of maintaining a sufficient 
equilibrium in its paris, to prevent irregulazily of 
depression. This species of centering has been used 
on the whole of the works from the 110th milo down- 
wards, and has been practised with more or loss succoss 
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in all the bridges whero tho span of tho archos has 
varied from 45 to 20 feet in width, 

The following diagrams will show the method of 
construction adopted in this particular caso, whore tho 
natural soil and the terreplein aro converted into a 
support for the centering, the artificial portion of which 
in many cases is limited to the curve upon which tho 


arch is designed. 
Diagiam 118, 


Lranss eso Section on Crown of Aich 
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EARTH 
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On TERREPLCIN 
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veo cesanaY, GUILD eb 8 CANAL 


A representing the caithen centio supported on cuck sido by the walls BB, built of bnlele 
with mud coment, constiucted in such 2 way that ft can cusily be parated 


Elevations showing the abovo on different mothods 
of construction, each of which ig intended to facilitate 
the removal of the brick mbs from under tho crown of 
the arch, as rapidly as possible, aftor the arch has beon 
keyed, are exhibited in the following diagram :— 


SURPAGE or eoUNTRYY 
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EARTH UNEXCAVATED 


Diagram 111. 
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Tn both theso cases it will be observed that the piers 
have been built with the natural soil betwoon them mex- 
cavated—the inner part of their foundations at « » being 
prepared for after construction and bond of the floorings 
and curtain walls, when the ccntorings and tho carth 
which have been left for their support have been romoyod, 
The artificial portions of theso conterings, therefore, are 
segments of circles corresponding in shape with those 
of the arch, which is to be built upon thom, It has 
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been considered sufficient to give two examples of this 
species of centering ; the brickwork, however, has been 
built in a variety of ways, all intended, as before said, 
to facilitate its removal; the omission of every alternate 
brick in the deepest part of the segment was found to 
be well adapted to the object in view; but in all cases 
the course that was followed in the plain carth center- 
ings, of getting rid of the whole of that portion of the 
centering lying directly under the crown immediately 
after the arch was keyed, and afterwards clearing as 
quickly as possible from the centre to the sides, was 
strictly attended to. 

Té will be observed in diagram 118 that the earthen 
portion of the centering is slightly raised, technically 
cambered, a device that was found to be of great advan- 
tage in cases whero the width of arch excceded 21 feet ; 
in such cases, there was an inclination in the brickwork 
to settle unequally, from the compressibility of the earth ; 
an evil that appeared to increase directly as the distance 
from the lateral ribs. In very wide bridges, therefore, 
an intermediate brick segment might perhaps with advan- * 
tage be usod, so ag to secure an cquality in tho sottle- 
ment during the period when the arch was building. 
Tt is cvident that, with the combination of compressible 
and rigid matorial which this species of centering 
involves, the immediate relief of the arch is indis- 
pensable ; this, however, is so easily managed, that with 
proper care no delay ought to take place, and there can 
be no doubt that the curve is better maintained in cases 
whore centerings of this sort have been used than in 
arches constructed on plain earth, unaided by buck 
ribs, which have settled down in a greater degree 
before they were keyed. 

The process that succecds the removal of the conter- 
ings is to excavate the natural soil upon which they are 

VOL, IL. P 
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built, and so to clear out tho canal channol. The cur- 
taing and floorings of the bays aro then built with as 
little delay as possiblo, By adopting this choap plan 
of centering, however, the bridges aro doprived of ono 
of the elements (see page 214) in the leading rulo of 
construction; that is to say, tho arch is allowed to 
exert its thrust upon the abutmonts before the lowor 
fulcrum is fixed. 

With the exception of the few bridges in which block 
kunkur is used, the arches ave built of brick of the sizo 
before described, with tho usual care given in tho fice 
use of water. In every case, however, as far as my 
observation has gono, cxcopting in that of the skow 
bridges (25 feot span), of which I havo no aceurato 
record, the settlement of tho crown of the arch after 
the centerings are removed, has lod to a very slight 
separation of voussoir, at a point from six to twolve 
courses of brick from the skew-back. This separation is 
to be detected along the whole line of the extrados ; 
whilst on the face of the arch underneath, or on tho 
intrados where the hinge of this movomont takes placo, 
no trace whatever of separation is to be obsorved. In 
all cases (and exhibited at an oavlior poriod, whoro tho 
superstructuro was hurried forward), subsoquent sottlo- 
ment is shown by its action on the parayicts. 

The arches of the Ranipoor and Puttri super-passages 
were built upon centerings, on a similar plan to that 
which is here described; tho oxtraordinary width of 
the arches in the former case, 210, and in tho Intter, 
810 foet, called for peculiar care in making tho carth ag 
incompressible as possible; brick ribs wore limited to 
the up and down-stream onds of the works; and the 
results have been very satisfactory: tho offoct upon tho 
haunches, after the removal of the contorings, however, was 
similar to that which has elsewhere boon remarked upon. 
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In concluding this section, I may draw attention to 
a plen of centerings which was adopted by Lieutenant 
Fraser, of the Engineers, when building the arches 
(25 feet span) of the Jaoli and Chitowra Falls. The 
position of the bays at these works, as will be observed 
by referring to the plan, is most exceedingly awkward 
for the establishment of earthen centerings, unless they 
are increased in oxtent beyond tho usual limit. The 
locality also is especially inconveniont for the subsequent 
yemoval of the earth, and the cost attending upon the 
whole of the operation is very great. During the con- 
struction of works of this sort, lime-buming (in which 
oopla or cakes of cow-dung is the fuel used) was in 
progress; wood of all the smaller descriptions, such as 
kwries, tors, and bullas, was also at hand. Lieutenant 
Fraser, without cutting up any of the wood specifically 
for the purpose, usod it in conjunction with brick and 
mud supports, for a superstructure of oopla, laid closely 
together, and formed on its upper surface in the shape 
of the required curve. Upon this as a contering perfoct 
succoss attended the erection of the arches, which wero 
completed very satisfactorily, Ilere tho cost of the 
centering was merely the labour of building and pulling 
down, and both the wood and oopla wore uninjured and 
ayailablo for their proper purposes. I consider this to 
have been one of the best of many applications of simple 
means to useful purposes that have been exhibited on 
these works. Although in none of the centerings that 
wore used, even in cases where the haunches were loaded 
previously to theix removal, did we escape from setile- 
ment, it was more prominently shown in arches that 
were built with the plain earth centerings as described 
under the head of Ciass TT. A. In these cases the separa- 
tion assumod the character of an absolute fissure on the 
extrados, until the keying of the arch partially obliterated 

PQ 
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it. Of the timbor centcrings described in this section, 
I should give a preference io Captain Goodwyn’s, 
Class I. D, on account of its aptitude and convenionce 
in use; to Captain Yulo’s, Class [. B., for ifs economy 
of timber work. Tho former, being of timbers cut up 
for the especial purpose, ave exponsive in manufacluro ; 
in use they are economical, as the pieces are placed in 
position separately. The latter, as I havo bofore 
explained, are made of the uncut kwri, or staplo rafter 
of the country, which is purchased at a small cost, and 
is available for its original purposes after the contorings 
are no longer required; they arc not so convonicut as 
Captain Goodwyn’s, from their having to bo placed in 
position in massos. 

Of the centerings placed under Class IT., B is 
undoubtedly the best, in defiance of its being composed 
of a mixture of rigid and compressible matter; but in 
using it, the centering must be-removed with as little 
logs of time as possiblc, so as to prevent its want 
of homogencousness from acting prejudicially to tho 
uniform settloment of the arch. 

Beforo commencing on the subject of the nocond 
section of this chapter, it will bo conveniont to mako 
a few introductory remarks on tle general plan of con- 
struction in tho building of the bridges. 

The works of this description, as designed for tho 
Ganges Canal, are built entively of masonry. In tho 
Khadir, or in tho tract above Roorkeo, bricks and 
boulders (or stones selected from the beds of tho rivers 
connected with tho mountains), tho former prodominat- 
ing, have been universally used, with a coment mado of 
the best species of lime, obtained from tho calcination 
of crystallized limestono collected in the beds of tho 
yivers in the Deyra Doon, and in thoso of the Gangos 
and its branches. In the bridges below Roorkeo, and 
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as far down as the 95th milo, brick is the staple com- 
motlity ; below this point, both brick and block kunkur 
have entered largely into the construction of all tho 
works, in many of which brick has only been used in 
the arches. The mortar from Roorkee downwards hag 
beon made of a great variety of marles and kunkurs ; 
near Roorkee, and within a moderate distance from the 
Khadir, the use of the stone lime to which I have 
referred was extended as far as economy would permit. 
Marles, some of them of a very superior quality, espe- 
cially that from Jussooo, then took the place of stone 
lime; after which, and throughout the whole of the 
districts of Bolundshuhur, Alliguh, Mynpoori, Cawn- 
poor, Etawah, &c., lime made either from kunkur gravel, 
or from that species of material in some form or other, 
was the staple ingredient for the coment, 

The bricks which have been made in our own 
manufactories for the purpose of bridge building are of 
the following dimensions :— 

12” x 6” x 8” 

12" x 6” x 24” 
The best aro those from the kilns in the neighbour- 
hood of Sirdhanna; they are generally good, however, 
throughout the, upper districts as far down as the 
Nanoon Regulators: below that point the soil becomes 
affected by (rch) an alkali that appoars to deteriorate 
the earth for brick-making. This reh is not universal, 
but its prevalence leads to the necessity of great dis- 
crimination in tho selection of ground for brick manu- 
facture ; it has led to much disappointment and much 
pecuniary loss. As a rule, I consider that the bricks 
used in the works below Nanoon are inferior to those 
of the upper districts, and in the Cawnpoor terminal 
line, that both the bricks and cement which have been 
used ave inforior to others. In the town of Cawnpoor 
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itself, and in tho buildings which avo included wndor 
the head of the Terminal Works, oxporicnco and 
observation on tho inforiority of tho material used 
elsewhere have led to a great improvemont in both 
the quality of the brick and of the mortar, a change 
which I consider to be duo in the latter articlo to 
relinquishing, as far as i, was possible, any depend- 
ence on purchase of lime from contractors, and to 
seeing that the lime when takon from tho kiln was 
properly separated from the ashes of the fuel (cow- 
dung) with which it was burnt. 

In the design and construction of bridgos, I was 
guided by the following gencral rules, the loading ono 
of which may be best oxplained by a diagram :— 

1st. All bridges to have floorings with curtains on the 
waterways, not only for the purpose of adding strength 
to the work, but to act as a bar for retaining the levels 
of the canal; the section, longitudinal and transvorse, 
being on the following design :— 


Diagiam 115 


Half Liansyerso Section 
Talf Longltudinn) Scctlon 








Tn every caso, therefore, there are threo clemonts opposed 
to the thrust of the arch :— 


ist. The abutments and their back goil. 
2nd. The masonry wing walls of approach. 
3rd. The floorings and curtains of the bays. 
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Qndly. In all cases where the soil in which the 
foundations were laid was sand, specific instructions 
were to be laid down. In common cases, where the 
ground was hard and of a tenacious quality, the piers 
and curtains were nover to exceed 10, nor be less than 
4 feot in depth, the maximum measurement being only 
necessary in the leading 100 miles of the course of the 
main trunk line. 

8rdly. Where the canal bed in the vicinity of a 
bridge was sand, or of a light soil, the floorings were 
to be protected by a line of sheet piling, with heavy 
material laid in frame boxes, agreeably to the standard 
plan adopted in the canal works of these provinces, the 
form of this protective covering being as follows :— 


Diagram 116. 





The flanks of the canal on its meeting a bridge of wu. 
description were also to be protected by piling. 

4thly. As a general rule, arches of 60 degrees were 
to be preferred. 

Bthly. The roadways were to be perfectly horizontal, 
and to be constructed on widths adapted to the particular 
purpose of the line of communication, e.g. :— 


High military roads to bo 25 feet in width. 
District and police roads ,, 20 % 
Village » ow 9 18 ” 
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Those measurements woro to be the clear widths betweon 
tho plinths of parapet walls, or betwoon tho brackets 
figured in diagram 116, 

Gthly. Tho drainage of all bridgo roadways to be 
effected through tho crowns of the arches by vertical 
cylindrical holes. 

Tthly. As a general rulo, bridges to ho built at overy 
three miles in length of the main canal and its branchos ; 
deviations from this rule to be made the subjoct of specific 
reference, 

The above are the leading points upon which the 
whole of the bridges have been exceuted; deviations 
have in many cases taken placo, from causes which will 
be oxplaincd under the details of the individual works ; 
gonorally speaking, however, the above sovon rulos may 
be considered as thoso which havo been our guide in 
the prosecution of all works connocted with cross-com- 
munication, ; 

It will be understood from what has been said in 
former chaptors, that the floorings and curtains alinched 
to the bays of bridges are leading clements in tho design 
for retaining tho slopes of the canal bed: they wore 
universally adopted in the Wastern Jumma Canal, and 
may bo considered ag the salvation of the bed of that 
work, from the offects of vetrogression of lovely, arising 
from extraordinary slopes: their valuo as rolnining bars 
is boyond all price. In tho construction of bridges, how- 
ever, thoy have other functions not less worthy of 
consideration then their influence in checking tho action 
of the current on the bed of tho canal. They provide a 
resisting medium to the thrust of tho arch as oxorted 
through the abutment, the strength of which is in direct 
proportion to their own inortia and capacity to rosist 
compression. That such © medium is an important 
element of stability, will be at onco apparont when it is 
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borne in mind, that provided the abutment be of good 
masonry, and thus virtually rigid, the value of the thrust 
against the floorings and curtains is in the direct ratio of 
the perpendicular depth, from the impost block io the 
fulcrum supplied by the floorings referred to. 

In further illustration of rule 1 and to the diagram 
appended thereunto, I will here introduce two other 
diagrams representing longitudinal sections, where the 
bridge waterways are flanked by towing-path passages :— 


Diagram 117, 





Now, to give the fullest bonofit to the rules of 
construction laid down in the above paragraph, it is 
ovidont that beforo the arch is allowed to exert its action 
in thrust, the threo elements of dosign imust be com- 
plote; that is to say, in the case shown in diagram 115 
the bridge floorings must be built, the abutment must 
rest fairly and directly upon the virgin soil, and the 
wings of approach must be completed up to the height 
of the extrados; in the case represented in diagram 117, 
fig. 2, that in addition to the requirements above stated, 
the block through which the towing-path passage is 
perforated must be comploted in all its parts; finally, 
that the whole of the masonry ought to be perfectly 
induvated. With the material which has been used on 
theso works, a rigid attention to the above rules must 
inovitably have led to the most satisfactory results. 
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The tio loading clomonts, viz., the conjunction of 
tho virgin soil with the abutment, and the completion of 
the wings up to a certain height, wore casy of accom- 
plishmont, although noé neccssarily gainod in works 
earricd on at a dislanco from tho exoculiye officer, and 
undor tho management of nativo mistrics, or caroless 
overscors; the third, however, or that appertaining to 
tho floorings and curtains, was, from causes which I will 
explain, neccssarily carried out very imporfoctly, and, in 
fact, to the fullest oxtent not carriod out at all, oxcopting 
in those cases whero timber centorings wore usod. 

In the construction of all arches with a span oxceeding 
25 feet in width, ib was my original intention to have 
used timber centerings; circumstances, however, con- 
nected with both oconomy of time and oxponditure of 
money, rendered the scheme impracticablo; in building 
the bridges on the high land below Roorkee, the great. 
expense that would have been incurred by multiplying 
the centerings required for so many bridges was a 
consideration of no mean importance; and the delay in 
completing so many arches with a limited numbor of 
centerings would have becn fatal to the dosired progress 
of the work, On the other hand, tho adoption of earth 
centerings simplified the whole prococding; it at onco 
yeduced the expense, and instantly threw over the lino of 
works unimpeded activity. This activity of progrous has 
enabled us, not only to bring to completion works which 
certainly could not have otherwise beon built in tho timo 
to which I felt myself restricted, but in the lowor divisions, 
where the scarcity of material has driven us to all sorts of 
expedients to reduce the cubic content of masonry, ihe 
adoption of the earthen centering has onabled us to vary 
the width of span, and to reduce it to a minimum adapted 
to the capacity of channel over which the bridge ig 
constructed. 
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With the exception, therefore, of the few bridges 
which have been built in the Khadir, including Roorkee, 
and of the six leading bridges on the high land of the 
Doab, every work of this sort, as described in the present 
chaptor, has had its arches built on centerings made 
either of earth alono, or of a combination of earth and 
brickwork. As I have devoted the leading section of this 
chapter to conterings, I necd say nothing further here, 
than that by adopting the cheaper and more expeditious 
plan offered by earthen centerings, we were prevented 
from building the floorings simultaneously with the piers 
and abutments, and have, consequently, in such cases, 
failed in completing the necessary elements required in 
rule 1. 

Tt will bo observed in the section on Centerings, that 
where the soil was of a good and tenacious quality, the 
piers and abutments were built up to the terreplein or 
natural sutface ; the intermediate ground, or that occupy- 
ing the site of the bay, being left in its virgin state to act 
ag a support for the segmental superstructure required for 
building the arch upon. Until the arch was built, there- 
fore, and until the timo for removal of the centering had 
arrived, the ground occupying the bay had literally not 
been touched by a spade; it necessarily followed that the 
floorings and curtains of which the substructure consisted 
were, instead of being the first, the last portion of the 
building executed, 

Again in sandy tracts where it was necessary to 
remove all the soil, and in laying the foundations to 
gveat depths, to excavate with wide and extended slopes ; 
where, in fact, the whole of the foundations weve laid in 
a crater, which was, after the completion of the walls, 
filled in with loose sand; although the curtain walls were 
built, it was not thought advisable to complete the floor- 
ings, until the subsoil was sufficiontly compressed. Tho 
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floorings, therefore, were delayed until the .oarthon 
centerings were removed, and until the thrust of tho arch 
had been bronght to act upon the abutmonts; in this 
case, however, the third clomont, although not completo 
in all its parts, was prosent in the curtains or lines of 
foundation wall which give the tie or bond between tho 
up- and down-stveam sides of the substructure; it was 
incomplete solely in the Slooring itsolf, It will be 
understood, therefore, that timber centerings have bocn 
confined entircly, cither to the works in tho Gangos 
Khadir, or to the fow bridges in its immediate neighbour- 
hood, whilst by far the greater proportion of the bridge 
avches have been built, cither with conterings of carth, 
or of a combination of material of which carth is the 
predominating ingrediont. 

The second and third rules haye been, I boliove, in 
all cases implicitly followed. In tho Khadir bridges, of 
which there are only two that come specifically under 
the present description, the Kunkhul bridge is laid in 
bouldors to a depth of 8 fect, and that at Jowullapoor 
in a mixed soil to a depth of 8} foot; in both thoya 
cases tho third rule for protecting the hoad and tuil 
has been rigidly attended to. In tho high land from 
Roorkee downwards, as far ag the 1L0th mile, including 
the bridge at Raoli, the bridgo foundations vary in dopth 
agreeably 10 the nature of thosoil. In the Muznfinmuggny 
district, for instanco, whero sand largely predominates, 
tho depth of foundations is novor loss than 10 fects 
that of the works connected with the fills, it will bo 
recollected, is in one caso oqual to 82°5 fect; in all 
these casos, howevor, the floorings are well protectod. 
The soil below the Muzuffirnugetr district, and in tho 
upper part of that of Mcorut, is of a better quality; in 
the latitude of Meerut, we got into tho yegion of 
spring-water, and into depths of foundations dopend- 
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ing thereupon. From tho Raoli bridge and through- 
out the Bolundshuhur and Alligurh districts, the 
inferiority of the soil (m many places, at a small 
depth below the canal bed, pure sand) has not forced 
upon us the necessity of maximum depths of founda- 
tions; but in all doubtful cases, and wherever there 
appeared to be a probability of current action near the 
bridge floorings, these portions of the works have been 
most carefully protected. 

On the terminal lines, the soil almost universally is 
hard and tenacious; the depth of the foundations in no 
case exceeds six feet, and generally it is only four; the 
excellence and hardness of the soil Have, moreover (in 
the difficulties under which the executives laboured in 
procuring material for building), in many cases led to 
the whole of the superstructure being built on a plat- 
form of masonry equal in thickness to that of the 
floorings, -the foundation or curtain walls on the up- 
and ‘down-stream sides being alone sunk to the standard 
depth. On these lines, also, protective aprons aro given 
on tho rule proscribed in all cases where such appear to 
bo necessary, Ags a furthor guard against accidont, and 
that wo may anticipate, rather than be unprovided on 
omergoney, overy bridge, in fact, every masonry work, 
connected with the canal channel, is supplicd with 
a magazine of heavy material, either in tho shape 
of boulders, blocks of kunkur, or, in their absence, 
of cubos of masonry. Aft each of the bridges on 
the Ganges Canal works, 10,000 maunds, or 850 
tons, of this specics of matorial aro present on the 
spot, to secure an immodiate remody in case of acci- 
dent. 

The fourth rule, which prescribes a particular form 
of arch, has gonorally becn adopted. Hvon in cases 
where the clevation is clliptical, the construction is on 
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a simple segment, cqual to one-sixth of the cirelo; in 
most cases the sogment is oxtornally shown; if onablos 
us to give oxcess of height to tho picrs, and thorcby to 
offer facilities for tho passage of boats at high water. 
To the builder and accountant, moreover, it simplitios 
calculations of cubie content. The only doviation from 
the 60° arch is in a set of bridges built with small brick, 
and in some of the smaller arched bridges in the Cawn- 
poor terminal line, which will be described in their propor 
place; the increase of riso and the oxpanso of spandril 
gained by the shorter radius haying, in my opinion, no 
great beauty to recommend thom, 

Rule 5 has been acted up to in all casos, and 1 wish 
that many of the bridges, in anticipation of tho lines 
with which they are connected becoming ‘high military 
roads,” had been designed accordingly. In tho upper 
parts of the canal, whore the width of channol is equal 
to nearly 200 feet, a roadway contracted to a width of 
18 feet is exceedingly inconveniont, whereas in- tho 
narrower parts of the canal such a width of voadway 
would be sufficient for all practical purposes; to lay 
down a goneral rule, thereforo, for width of roadways 
on bridges built under different cireumstancoy was somo- 
what inconvenient; although im doing so, economy in 
cost was consulted, as an additional foot‘ovon in width 
would have added largely to tho estimato. In tho dig- 
trict of Cawnpoor, where tho bridges which crogs the 
canal consist of one and two arches only, and tho 
maximum width of the canal channol at its intorgection 
does not oxceed 70 foct, the bridgo roadways havo been 
made on a width of 15 foot only; but it cannot bo too 
often explained, that the oxtraordinary and unusual diffi- 
culties in procuring material of all sorts (ospocially 
brick) in tho Cawnpoor terminal line from the 100th 
mile downwards, led to the reduction of tho dimon- 
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sions of all works to limits which may be considered 
_ extreme. 

With regard to drainage, the plan laid down in 
rule 6 has been in all cases adopted, by perforating 
cylindrical holes of four inches in diameter through the 
crowns of the arches on both sides of the roadway; this 
gives a very efficient relief, even in the heaviest falls of 
rain to which we are subjected. 

Very considerable modifications have been made in 
the seventh rule, which, as is implied, was more intended 
as a general one for guidance than for adoption in its 
strictest sense; practically speaking, village roads have 
been, as far as such could be managed with propriety, 
limited to distances of three miles apart; but in all 
cases where the cross-communication of the country 
would have been in the slightest degree interrupted by 
such an arrangement, it has been freely deviated from ; 
this is more remarkably shown in the proximity of towns 
and in the richly-cultivated districts lying below tho 
Nanoon regulators; but even in the main trunk lino, 
where the extent of works for cross-communication, 
and their cost, naturally called for a judicious, although 
restricted disposition of works of this sort, bridges have 
been built at all points whero such were absolutely neces- 
sary, without réference to the especial rule on which 1 
am now remarking. In looking at the map, it will be 
observed, that the longest tracts of the canal unbridged 
exist in the Saharunpoor and Muzuffunugegur districts, 
between Roorkee and the Muhmoodpoor Falls in one 
cage, and between the latter work and the falls at 
Chitowra in the other: the apparent deficiency of 
bridges in this neighbourhood arises more from their 
distribution than otherwise. The country above Chitowva 
is very imperfectly cultivated; it is, generally speaking, 
much clevated, sandy, and in its present state adapted 
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to tho growth of rain or khasreof crops only: this is 
remarkably shown in tho Muynifurnnggur district, but 
it is more or less common to tho wholo tract. Tn 
building our bridgos, thoreforo, their sites wore detorminod 
at points most convenicnt to tho towns and villayos in 
the noighbourhood ; in some cases, ib will bo observod, 
at distances apart from cach othor considerably los than 
that laid down for our guidance, In tho Muswfhiwnngyur 
tract the disposition of these works is adaptod, in my 
opinion, fo mect oven futtwe wants; that in the Saharan- 
poor district, where tho cultivation is of a bettor doseription, 
may bo igproved by additional bridges: built at points 
equidistanily between tho Roorkeo aqueduct and tho 
Assofinuggur falls, and between the Liburhori bridgo and 
tho falls at Muhmoodpoor, At both these poiuts my 
estimate of 1850 included the abutments of suspension or 
lattice bridges; an idea which has been oxtended by 
building tho substructure and abutments on the sume 
design as that of the masonry bridges alroady constractod, 
yiz., of three bays of 55 fect cach, with piers of 7 foot in 
width, giving a space between the flanks or sido abutmonts 
of 179 feet, To those works floorings and curtains have 
beon added, so that we have the moms ullimately of 
completing them as arched structuros, a plan tat | 
strongly recommend, We at tho same time havo, by this 
urangement, added to the canal bed two moro ‘rolaining 
bars for the maintenance of tho slopes. 

In fixing the sites of bridges for high military and 
district roads, overy attention has beon paid to the wishos 
of the local committees in whoso hands tho funds for 
road-making purposes are placed; on the other hand, the 
committees havo in all cases vesponded to the wishes of 
the director of tho works, in conneeting tho cross and 
village roads with those bearing upon tho bridgos; in 
making roads to mect tho bridge approaches whore guch 
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did not exist before ; and in giving to intermediate estates, 
or to those‘whose boundaries lie equidistantly between 
two bridges, free. and open communication with their 
approaches. A great deal of this most useful and nécos- 
sary part of tho undertaking has been completed, or is in 
progress at the present time; it is in full vigour in tho 
Muzzuffurnuggur, Meornt, Bolundshuhur, Etawah, and 
Alligurh districts, in which both the civil authorities and 
the road committecs have been as anxious to give tho 
means, as the canal executive officers have been to carry 
out the works, It is most backward in the Saharunpoor 
district, although in the early years of the pzogress of 
the works, a good deal has been done in the neighbour- 
hood of Joyallapoor and Hurdwar, Fyrom Roorkee to 
the southern limit of the district, which includes the 
Assoffnuggur, Munglour, Liburheri, and Muhmoodpoor 
Fall bridges, no work of the nature alluded to has been 

- yet commenced; the bridges, therefore, are isolated, and 
are only useful to those whose estates impinge on the 
* track that leads to them. 

" The design of the bridges has been regulated by two 
considerations somewhat antagonistic in their require- 
monts; viz.: the necessity fy giving » sufficient height 

to the intrados above high-water mark, to admit of the 
froo passago of craft, and at tho same time an equal 
necesuity for placing the roadway at a modorate height 
above the level of the country, so that the ramps of 
approach may not be inconveniently elovated. 
These two requirements have, as it were, given two 
‘parallel lines, separated by a minimum height to which 
the eléVation has been necessarily restricted. x 
In cases ‘where the depth of section was great, the 
distance between high-water ntsck and the top of the 
embankments was sufficient to obviate any difficulty 
arising “from the causes above mentioned, and in such 
you. It. Q 
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cases, elliptical arches have been almost universally used. 
Elsewhere, however, space has been gained by raising the 
height of the piers and adopting a flat segmental arch, 
by which as much freedom as possible is given to the 
passage of boats on the whole width of the waterway. 
Passages for the convenience of access to the different 
parts of the building, both in connection with towing- 
path purposes and irrigation, have beén considered a 
necessaty part of the design, which in elevation has been 
made as simple as possible, and limited to as few varicties 
as the nature of the works would admit of. Omitting 
the bridge at Peeran Kulleeur, which, from its position 
and height of roadway from the bed of the canal, required 
a specific design; and that at Sirdhunna, which, from 
local courses, is also exceptional, fhe whole of the 
bridges may be separated into five classes, aud placed 
under the following denominations, viz. :— 


1st Class. Elliptical arches with niched pilasters, vide 
pattern Plate XLIX, Atlas. 

2nd Class. Segmental arches, with nichcd pilasters, 
vide pattern Plate L. Atlas. 

3rd Class. Segmental arches, with open arched span- 
dxils, vide pattorn Plate LI. Atlas, 

dth Class. Segmental arches, with spandrils pierced 
by cylinders, and with the towing-path 
passages marked by rusticated pilasters; 
vide pattorn, Plate LIT. Atlas. ‘ 

5th Class. Segmental -arches, plain, vide pattern, 
Plate LIII. Atlas. 


To these numbers I shall refer in the detail of the 
different works ; noting opposite each any deviation that 
may occur from the specification above mentioned. To 
commence, therefore, with— 


CHAP, I] WORKS OF COMMUNICATION. 227 


IL, Bridges between the head of the Canal and Roorkee. 


The greater proportion of the bridges which are built 
in the Ganges Khadir are connected with the Myapoor 
and Dhunowri dams, and with the works attached to the 
Solani Aqueduct. There are only three which fall speci- 
fically under the head of the present chapter, and which 
as being disconnected with the great works above men- 
tioned, and haying no connection with regulating cither 
supply or escape, may be classed® as works of communi- 
cation merely, The three bridges which fall ynder this 
denomination, are— 


1st. The Kunkhul Bridge. 
and. The Jowallapoor Bridge. 
8rd. The Peeran Kulleeur Bridge. 


The Kubkhul and Jowallapoor bridges are of the first 
class; their position is opposite to the towns from which 
they take their names, and they aro provided with road- 
ways of 18 fect in width. Those bridges have threo 
bays of 55 feet cach, with intermediate piers of 7 feet, 
Tho roadways are in both cases elovated 24 foot above 
the bay floorings, the latter being protected by piling and 
boulder work, The up-stream and down-stream flanks 
are covered by flights of steps or ghats for the con- 
venience of travellers. 

The ghats attached to the Jowallapoor Bridge are 
designated the ‘Dalhousie Ghats,” in honour of the 
Governor-General, by whose orders they were constructed 
on the application of the inhabitants of the town when 
his lordship inspected the works in December, 1851. To 
the left wp-stream flank of tho Jowallapoor Bridge, the 
navigable chatimel head is attached. ‘With the exception 
of the foundations, and the massive parts of the abut- 

Q2 
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ments, the whole of these works are built with brick 
masonry, with an external coating of stucco. 

Timber centerings on the plan shown in Plate LXII. 
Sheet 2 of the Atlas, were used in the construction of the 
arches; and the cement used was as follows :— 


1 part stone lime, 
1, soorkee, 
1 ,, sand. 


The quantity of material used, and tho rates of build- 
ing are shown in the following table :— 


Bricks, 12"x6"x 2h" . 0. 0. 1,055,396 
Do. 12"x6"x2" . ' 265,702 

Boulders 7 7 2 120,819 maunds. 

Stone Lime . 7 ‘ : ‘ 56,174 cubic feet. 

Sooikee . . . 7 + * 68,687 Do, 

RS. A, BP 

Masonry of all sorts - 15 8 6 per 100 cubic fect. 
Plaster . : « 7 6 10 per 100 superficial fect. 


The total cost of each of these works is shown by the 
following detail :— 
ns, AP 
Kunkhul Bridge . . 25,8538 6 3 
Jowallapoor Bridge . 39,242 9 11 
They were built by My. Kay, Assistant Engineor of tho 
works. 

The Peeran Kulleewr Bridge is for the passago of tho 
high road between Saharunpoor and Hurdwar; it is 
situated near a Durgah and Muhummudan shrine, where 
there is an annual fair at which a large concourse of 
people is assembled. From the circumstance of tha 
canal channel at its point of intersection by the bridge 
being of extraordinary depth, it was necessary to vary the 
design accordingly ; its proximity to one of the leading 
places of assemblage on the route to Turdwar also, and 
the necessity for providing wide towing-path passages on 
the lower levels for the use of the railway between Roorkee 
and the Dhunowri works, led to further deviations from 
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the standard plan of bridge that was proposed for the 
Khadir works, 

The plan, sections, &c., of the Peeran Kulleeur Bridge 
axe figured in Sheet XXVI. of the Atlas; its waterway is 
similar to the bridges at Kunkhul and Jowallapoor, viz., 
three bays of 55 feet in width, with piers of 8 feet. The 
arches are segmental (60°), supported on rusticated 
pedestals, terminated by a flat pyramid, the side of which 
meets a ** corne de vache,” or bevel to the face of the 
arch. Tho side towing-paths or railway passages are 
12 feet in width, and 15:77 feet high from the roadway 
to the soffit of a flat segmental arch which covers them. 
These passages are flanked by rusticated work carried to 
the height of the piers with which they architecturally 
correspond. A plain shield is placed over the arch of cach 
of these passages. Above this is a simple block cornico, 
or double lines corresponding in character with the rusti- 
cated pedestals, the whole being crowned by a plain 
parapet wall. The height from the flooring of the bays 
to the bridge roadway is oqual to 864 fect. On the 
down-stveam flanks of tho bridge, flights of steps lead to 
the berm, from whence thero are ghats for bathing pur- 
poses. On the up-stream side, tho bridge flanks are 
protected. by wings. 

Spring-water, which at the sito of the above bridge 
oxisted on a level 12 feet above the bed of the canal, 
and which after the channel was opened interfered 
greatly with excavation in the canal bed, led to a 
necessity for block sinking for the foundations of the 
piers and abutments. The blocks for this purpose were 
undersunk to a depth of 10 feet, and the substructure 
connected with thom was arranged on the usual plan. 
Tho floorings of the bays wore laid in to a depth of 2 feet 
witl? up and down-stroam curtains, equal to 10 feet in 
depth. Both the floorings above described, and the flanks 
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of the bridge, as well as the fronts of the lines of ghats, 
are protected by aprons of piling and boxwork, Tho 
exterior of this building is stuecocd. 

Although segmental, the arches correspond so far 
with the elliptical curve of thoso before explained, that 
with a slight alteration at the haunchos, the timber con- 
terings which were in use in the Khadir works continued 
their services at the Pocran Kulleeur Bridgo. 

Brick masonry was alone used in this building, with 
mortar of the following proportions :-— 

1 part stone lime. 
2 parts soorkee. 

The quantity of matorial expended, and the rates of 

the work were :— 


Bricks, 12” x6" x23". i . 756,800 
Bricks, English Bachins : . 285;090 
Stone Lime ‘ : , 17,242 cubic fect, 
Soorkee . . : . : 84,892 . Do. 
RB. A. a 
Masonry, plain . . 19 5 9 per 100 enbie feet. 


Masonry, arch . : 82 14 5per100 Do. 


The cost, including both bridge and ghats, amounted 
to Co.’s mpees 85,807-14-0; it was built by Mv. Parker, 
the assistant engineer attached to the aqueduct works, 

Although the three bridges above described are placed 
by themselves in the present chapter, it must be borne in 
mind that those which aro included in tho great works 
attached to the Khadir, are equally efficient for tho pur- 
poses of cross communication. Tho line of canal included 
in the present section is 19 miles in longth ; in which, 
independently of the super-passages for the Ranipoor and 
Puttri Torrents, which, when floods aro not running, offer 
the freest possible passage for the herds of cattle which 
egvaze in their neighbourhood, there are, besides tho threo 
bridges above enumerated,— 
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1 Regulating Bridge at Myapoor. 

1 Bridge at No. 2 Falls. 

1 Bridge at No. 8 Falls. 

1 Cross Bridge at the Rutmoo.Works. 

1 Regulating Bridgo at the Rutmoo Works. 

2 Bridges at the Solani Aqueduct ; 
80 that there are no less than 10 bridges, besides the 
super-passages, making a total of 12 lines of crogs-com- 
munication over the canal channel in a length of 19 miles. 


II. Bridges between Roorkee and the Nanoon Fork. 


On this line, which constitutes the main trunk of the 
canal in its progress from Roorkee where it enters the 
high land of the Doab, to the Nanoon Regulators, at 
which point the trunk is separated into two branches, the 
bridges, with one exception, are on the uniform design of 
the four leading classes, under which they may be a 
numerically in the following order :— 


Ist Class. 7 bridges with 8 spans of 55 foet each. 
Ind Class. 14 bridges with 3 spans of 45 fect cach. 
8 bridges with 8 spans of 40 foet each. 
8rd Class. 5 bridges with 3 spans of 55 feet each. 
4th Class. 10 bridges with 3 spans of 50 feet cach. 
1 bridge supernumerary at Sirdhunna. 


The design for the first class has been deseribed in the 
former section under the head of the Kunkhul and Jowal- 
lapoor bridges, which-are patterns for the works now 
under description: they have towing-paths attached to 
the left flank of the left bay; consisting of a timbor 
platform supported on uprights which cause no impedi- 
ment to the free passage of the water through the bay. 
The ‘waterway and tho height of the bridge road from the 
bed of tho canal are similar to those in the Khadir, with 
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the exception of the bridge at Munglour, where tho latter 
is 25°75 feet. At the village of Mundowli, or equi- 
distantly between the Liburheri Bridge and the Muh- 
moodpoor Falls, and at Gunespoor, south of Roorkeo, the 
substructure and abutments on class No. 1 hayo been 
built, as I have before explained, for ultimate purposes, to 
be completed as arched bridges. 

The soil on all the country as far as the 110th mile, 
is of a very loose and sandy description, which has led to 
the necessity of protective measures being taken for the 
preservation of the floorings and flank of the bridgos. At 
those of Munglour, Liburheri, Dimat, Jansut, Khutowli, 
Sirdhunna, Nanoon, Moradnugegur, and Peepulhera, ghats 
have been constructed, which, whilst providing tho moans 
of access to the water, gave good protection to the chan- 
nel on its approach to the bridges. The Khutowli 
Bridge, which lies at the 62nd mile, and is similar in 
design to that at Munglour, Liburheri, and others of 
class No. 1, has a roadway of 24 feet in width, to adapt it 
to the purposes of the high military road between Meerut 
and Saharunpoor, to which it affords a passage over the 
canal. Ghats and means of approach to the water are 
here designed on a more elaborate scale than elsewhere ; 
they ave situated on the down-stream side of tho bridge, 
to which they are attached,*whilst tho up-stream side is 
protected in the usual way by flank curved reyotments. 
For a detail of the different bridges, with the works al- 
tached to them, reforence can be made to Part II., in tho 
second section of the second chapter, of which a full 
description is given ; and there appears to be no necos- 
sity to encumber the text with a detail of material and 
rates of each work, when the whole can be found by 
turning to the table J in the Appendix. It will be suffi- 
cient in this place to note, that the bridges under No. 1 
Class, which are included in this section, are built of 
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brick masonry, with cement made of lime and Soorkhi 
(pounded brick) ; that they are all stuccoed oxternally, 
and that the roadways are metalled with kunkur. Their 
approaches from the country are by ramps or inclined 
roadways laid out on a slope of one in fifty. 

The average rates per 100 cubic feet of brick masonry 
on the above works may be estimated at Co.’s Rs. 14-7-1; 
and the average cost of a bridge without ghats, at 
Co.'s Rs. 28,124-10-8. 

The depths at which the foundations of the different 
bridges were laid, will be seen by reference to Plate XLIX. 
of the Atlas. _ * 

‘Amongst the bridges which come under the second 
class, are those extending from Peepulhera at the 106}, 
to that at Sheka, at the 177} mile; the whole of the 
bridges from the 106} mile to the termination of the 
main trunk, being built on the same general design. 

With the oxception of the bridges at Peepulhera, 
Raoli, Dumkowra, and Uchuhja, they are connected with 
the heads of rajbuhas and inlets, as shown in Plate L. 
of the Atlas. In tho exceptional cases, wings and short 
lines of ghats are attached, either to the up or down- 
stream faces of the work, and in some cases to both. 

Thero are two descriptions of waterways: viz., one 
having 3 bays of 45 feet each, of which the bridges from 
Peepulhera to Suhenda are examples, the other having 
three bays of 40 fect cach in width: of tho former there 
are fourteen bridges, of the latter there are eight. 

These bridges have in all cases their waterways 
flanked by side arched passages 6 feet in width, pierced 
through the wings, in prolongation of the towing paths, 
by which an uninterrupted passage is maintained along 
the berm. Connected with the heads of rajbuhas which 
lie on the up-stream side, are lines of ghats with a plat- 
form and retaining wall, for the purpose of giving access 
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to the water; of giving free space for the apparatus 
required for regulating the rajbuha head supply, and also 
for protecting the rajbuha head from ineonvenionces 
which would inevitably arise, wero it in close proximity 
to the earthwork. At the bridges of Wullipoora, Moon- 
dakhera, and Kasimpoor, over which the great roads of 
the country cross the line of canal, these ghats aro ox- 
tended to a length of 850 foet, bearing upon the bridgo 
flanks in an ogee curve, and approached from the higher 
levels of the roadway embankments by flights of steps. 
The berm platform is reached by steps appended to the 
wing-walls of the bridges, similar stops being provided at 
the inlet and rajbuha escape. On tho down-stream side, 
the bridge is usually terminated by plain curved revet- 
ments, sweeping into the earthwork. In some particular 
cases, however, at the Dumkowra and Uchuhja bridges, 
for instance, flights of steps or ghats, giving accoss to the 
water from the berm levels, have been added, offering 
additional facilities for approach to the canal stream.” In 
all cases where such has appeared to be necessary, pro- 
tective aprons to the walls lying in contact with tho eur- 
rent have been adopted; in the Bolundshuhur and 
Alligurh districts, where block kunkur is abundant, this 
spocies of material has been substituted for tho piling 
and box-work, which is used in the northern districts. 

The facilities with which block kunkur has been pro- 
cured at all points through which this serios of bridges 
extends, have led to its adoption to a very great oxtont 
for building purposes: with the oxception of archwork, 
neatly the whole of the bridges now under description 
are built entirely of kunkur; and in the cago of the 
Kasimpoor Bridge, the external faces of the arches 
themselves are made of this material. 

The design of elevation differs in no respect from that 
which I have placed in No. 1 Class, oxcopling in having 
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a segmental, instead of an elliptical arch, and in having 
a curved baiter to the perpendicular faces of the piers, 
abutments, retaining-walls, &e. From the reduced depth 
of the canal section, and the height from the roadway to 
the bay flooring being only 194 instead of 24 feet, the pro- 
portions of these bridges are better than those of the works 
in the upper district: there is greater harmony between 
the parts, and their gencral outline is more agreeable to 
the eye, than the more elevated structure, buried, as it were, 
between enormous embankments. Where brick has been 
used, as in the arch work, and occasionally in other parts 
of the building, the material has been burnt at our own 
manufactories, in the puzawa, or native brick-kiln; 
the size of brick being 12’x6"x8", and its quality 
excellent. 

A detail of all theso works, with their appended 
ghats, &e., will be found in the Second Part; and that of 
tho material expended, rates, &e., of cach separate bridge 
form part of a table in Appendix J, which is especially 
drawn up for the purposo of giving the fullest infor- 
mation on the subject. 

The deseription of Class No. 2, requires no further 
illustration than that the oxterior of tho bridges is 
stuccoed, and that the cement used consists of— 


1 part of kunkur lime to 
1-20th of white stone lime. 


The roads of approach, both from the country and from 
the canal embankments, are laid down on an uniform 
slope of 1 foot in 50, excepting on the grand trunk road, 
where this has been diminished to 1 in 100 feet: the 
roads axe metalled with kunkur, and where the ramps 
of approach are much elevated, their sides are turfed, or 
in other words, planted with Doob grass, 

The average rates per 100 cubic feet, on which the 
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bridges of this class have beon constructed, may be esti- 
mated as follows :— 


Ra AL OP 
Arch-Masonry, per 100 cubic fect. . 4 9 0 
Other Do. 7 . 11 0 8 
Plastering, per 100 ‘square "foet . 7 » 234 


and the average cost of tho bridges at— 


RB. A, OP 
10,920 10 1 each for 185 fect waterway. 
10, ‘504 14 leach for 120 feet waterway. 


The depths at which the foundations of the different 
bridges ave laid are exhibited in Plate L. sheet 3 of the 
Atlas. 

Of Class No, 8, there are five bridges only, and these 
are entirely confined to the line of canal lying between 
the Futtigurh branch-head, and the town of Sirdhunna, 
or more properly, between the 58rd and the 71st miles, at 
which points the bridges of Dukheri and Uturna, both 
of which belong to the above class, constitute the two 
extremes of the series. The design was dependent on 
the material, which consisted of small bricks varying in 
size from 4” x 8” x 13” to 7” x 84” x 13”, procured from 
numerous old ruins purchased in the neighbourhood, tho 
most prolific source being an extensive quadrangle or 
surai at the town of Chitowra. These ruins consisted of 
the small brick above adverted to cemonted with mud, an 
ingredient difficult to get vid of when applying the brick 
to the new work, and which, undoubtedly, might have 
been dispensed with with great advantage: the bricks, 
however, were washed and cleaned beforo they were 
placed in the works ; and whatever might have been their 
defects, they wero of the greatest aid in accelerating pro- 
gress. ‘T'o meet the material in question, it was considered 
necessary to extend the segment of the arches beyond the 
standard limit of 60°, as it was supposed that, with an 
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increased versed sine or rise, there was less risk of failure 
from the contingency of bad bricklaying. The versed 
sing, therefore, was increased (from 1-7th of the span, or 
that, nearly, which is due to an are of 60° to 2-11ths) 
*to a height of 10 feet. The expanse of spandril caused 
by the rise of segment, was broken by a series of arches 
perforated through the bridge, and occupying the whole 
space bounded by the extrados of the arches, and the 
line of cornice. The parapets were in open railwork, the 
diameter of the pillars corresponding with that of the 
small brick with which we had to deal. Towing-path 
passages six feet in width were designed on each flank 
of the main arches,’ their approaches being covered by 
curved revetments, or, as in the case of the Jansut Bridge, 
by lines of ghat. The bridge-wings are fitted with steps 
on their concave or outward side, for the convenience of 
descent from the roadway to the towing-path levels. 
The bay floorings and the flanks were protected by 
piling and apron work, where such has been considered 
necossary, and nothing has been neglected to render the 
substructure secure from the effects of the current. 

The roadways of tho third-class bridges aire elevated 
24} fect abovo the bay floorings; they are metalled with 
kunkur, and drained by vertical holes through the crowns 
of the arches. The ramps of approach from the country 
ave made on the usual slope of ono in fifty. 

A detail of all these works will be found in the table 
in Appendix J, before referred to, which will give all the 
necessary items of expenditure and rates. The coment 
consisted of— 

2 parts earth lime, 
1 part soorkeo; 
and the bridges are externally stuccoed. 

On an average, the rates per 100 cubic feet are equal 

to Co.’s Rs, 12-15-83, and the average cost per bridge, 
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without ghats, may be estimated at Co.’s rupees 
18,636-3-8, 

The depths of the foundation are shown in Plate LI. 
of the Atlas. 

Of Class 4, there aro ten bridges; extending from* 
the 77th to the 108rd mile, or from the Nanoon Bridge, 
or that below Sixdhunna, to tho bridge of Noorpoor, a 
village gituated below the high military road connecting 
Meerut and Delhi. The watcrway of these bridges is 
divided into three bays of 50 feet cach in width, separated 
by piers of 64 feet. The arches are 60° segments. The 
spandrils are perforated by cylinders which pags through 
the work, their up and down-stream fronts being finished 
by a coped or bevelled facing. The cutwators, which 
terminate at the spring of the arch, are plain segments 
meeting in a point towards the stream. The faces of the 
bridge are quite plain. On each flank, and in prolonga- 
tion of the towing-path, is a passage six feet in width, 
maintaining a free line of communication along the barm: 
these passages are flanked by rusticated pilasters. The 
wing-walls of the bridge, or those which open out towards 
the country, are fitted with flights of stops to give access 
to the berm from the top of the embankments. Tho 
whole is crowned by a cornice and parapet on the usual 
standard dimensions. Plans and sections of No. 4 class 
bridge will be found in Plate LIL. of the Atlas. 

As a detailed description of theso works, showing tho 
precise nature of their appendages in the way of ghats 
and flanking defences, is given in the Second Part, and ag 
the table in Appendix gives full information on material, 
I need only remark in this placo, that the same attention 
that has been given clsewhere in the protection of floorings 
and sides, wherever the bed of the canal was of a nature 
requiring such protection, has been givon with an un- 
sparing hand to theso works. Abt the Moradnuggur 
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Bridge, which is situated on the high road between Meerut 
and Delhi, a series of ghats similar to those which 
have been built at Khutowli, have been attached to 
the down-stream side of the work; to the upper side 
protection has been afforded, as at Khutowli, by wing 
revetments. 

The foundations and the nature of the soil in which 
they were laid, will be understood by reference to plan 
No. LIT. Spring-water was frequently met with on this 
line of works at-moderate depths. 

The roadways of approach, as explained before, rise 
gradually from the surface of the country to the levels of 
the bridge road on a slope equal to 1 in 50, the bridge 
road itself being metalled with kunkur. Drainage is 
here, as elsewhere, obtained by holes through the crowns 
of the arches, ‘The height of the bridge road from the 
flooring of the bay is 19°75 fect, 

The works included in this class are entirely built of 
brick masonry, the cement which was used being either 
of kunkur lime alone, or earth lime mixed with soorkee 
in the following proportions :— 

2 parts earth lime. 

1 part soorkee (pounded brick), 
They are stuecoed extornally, agreeably to the usual 
practice on these works. 

The average rate per 100 cubic feet of brick masonry, 
may be considered as Rs, 12-9-8, and the average cost 
of each bridge, without ghats, as Rs. 14,403-12-4, 

The only work that remains to be described, on the 
section extending from Roorkee to the Nanoon regulators, 
is the Sirdhunna Bridge, which like that at Peeran Kulleeur, 
described in Section I., is a solitary exception from the 
standards enumerated under the five classes, This bridge 
ig on the high road between tho towns of Meerut and 
Sirdhunna ; the waterway consists of throe bays of 55 feet 
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each in width; its arches are elliptical. On cach flank of 
the bays are towing-path passagos 6 fect in width, the 
floors of which, being raised above the towing-path, aro 
reached by steps; the design is, in fact, a composite one, 
the body of the work resembling, in all respects, No. 1 
class, the flank passages being similar to No. 5. From 
its position relatively to the town of Sirdhunna, ghats 
similar to those ab Khutowli and Moradnuggw, have 
been attached to its down-stream face; to the above two 
bridges it assimilates also in its up-stream flank protoc- 
tions, and to those of the floorings. With the exception 
of towing-path passages, the whole work is a close 
representation of that at Khutowli. 

In the finish of approaches, roadways and all minor 
points in external appearance, this work corresponds with 
those above described. Its foundations are limitod in 
depth to the spring-water surface, which lies at a depth 
of 6 feet below the bed of the canal; they are protected 
both on the up and down-stream faces by a double line of 
piles; the intermediate spaces being filled with large masses 
of block kunkur. The flooring of the bridge is protected 
both on its up-stream and down-stream face by aprons 
20 feet in width, extending from one side of the channel 
to the other. 

The Sirdhunna Bridge is built with brick and limo 
cement, consisting of the following ingredients :— 


2 parts earth lime, 
1 part soorkee; 


and it is extemally stuccocd. 

The rate per 100 cubic feet of masonry, is on an 
average of the whole work, Co,.’s Rs. 18-5-5, and tho 
total cost of the bridge was Co,’s Rs, 81,571-12-0. 

In the section which I have just described, and which 
embraces « series of works on a line of 161 miles, we 


a 
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have indopondently of the bridges abovo onumovrated, 
which amount to 45— 
10 falls, the heads of which ave crossed by biidges, 
4 regulating bridges at the heads of bianches; 

giving «a total of 59 points at which tho canal may bo 
crossed by the public. In addition to this, preparatory 
moagures havo beon taken (by laying in tho substructure 
proviously to tho admission of wator) for tho building of 
two moro bridges at tho villages of Mundowli and 
Gunospoor, With 59 bridges, however, on the above 
distance of 161 miles, we obtain an avorage of 2°72 miles 
betwoon each bridge, which, by completing those at 
Mundowli and Gunespoor will be diminished to 2°68, 
With roads well laid out, and brought to bear upon tho 
bridge approaches, by lines radiating from tho villages 
‘and ostates lying intormediately botwoon tho bridges ; 
and in casos whore ostatos aro inconvoniently soparated 
with tho aid of tho civil authoritios in making equitable 
adjustments in tho land so separated, tho numbor of 
bridgos now built will, I doubt not, bo sufficiont for a long 
timo 40 como. 


IV. Bridges on the Terminal Lines between the Nanoon Fork 
and the Ganges and Fumna. 


This soction includes tho wholo of tho bridgos which 
io botwoon tho Nanoon Rogulators and tho hoads of the 
torminal works, i.¢., in the cage of tho Cawnpoor torminal 
line to the Dubowli Escape, in that of tho Etawak line to 
the escape at Moosanuggur, with vory slight modifications, 
and those only in a few instunces, to which I shall draw 
ospocial nolico, Tho wholo of those works belong to the 
fifth class; tho whole of thom, morooyor, would havo 
beon on one regular graduatod systom of waterway (ic, 
no archos oxcooding 83 fect in width, none logs than 20), 

VOL. Il. R 
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had civcumstances arising from difficultios in procuring 
material in the Cawnpoor terminal lino, not interrupted 
it. I may observe, however, that throughout tho whole 
of the works, tho design of inlet and rajbuha channels, 
with ghat facings, is, with very fow exceptions, universal ; 
the few cases in which these appendages have not been 
built are consequent on tho inapplicability of tho sito for 
the purpose. It will be understood, moreover, that tho 
rules for bridge building, which I have explained in the 
early part of this chapter, were here, as elsewhere, in full 
force. With these few remarks I commence with— 


A. Cawnpoor Linn. 


From Nanoon to the Dubowli Escape, which lies at 
the head of the Cawnpoor terminal works, and to which 
point the bridges to be here described aro limited, tho 
distance is 165 miles; the vectangular section of tho 
canal channel varies from a maximum of 80 to a mintmum 
of 20 feet in width. Tho design for watcrways upon 
which the bridgos wero commenced was as follows :— 


From Ist to 30th mile, 3 bays of 88 fect each. 


» 80thto 50th , 8 4, 380. ,, 
» 50thio 70th , 3 4 26, 
» «$TOthto 8th ,, 2 4, 38 4 
» ©6B5thto 120th 4 2 4 BO 
» 120th to 140th , 2 4 25 yy 
» W0thto150th ,, 1 4, 80 4, 
» b0thto 165th , 1 , 2 ,, 


giving an equal serics of dimensions, so that tho native 
mistries might after building one bridge bo at no loss in 
comploting the others. I have olsowhero doscribed tho 
cause which led to an altoration in tho above arrango- 
ment, and which forced us, oven at the expenso of 
additional labour to the superintendent, to ontor into a 
move minulo graduation of the waterways, thorcby 
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roducing the cubic content of each work, and tho 
quantity of material, Tho dinfonsions of the waterways 
on tho rovisod plan have beon shown in tho Second Part, 
whon dogeribing the progressive developmont of tho 
projoct. 

Although differing in width of span of aych, the 
bridgos aro all on ono dosign, with tho oxcoption of threo 
of tho single arched bridges on tho up-stream sido of 
Dubowli, a doseription of which will be givon prosontly. 
Thoy consist of plain 60° sogmental arches, supported 
on picrs both with and without battor, the culwators 
terminating at the spring of tho archos: those cutwators 
aro finished by a cornico which oncirelos tho picr, and 
from above which tho spring of tho arch commences; 
the tops of tho eytwaters on tho up and down-stroam 
sidos aro crowned by an olliptically sloped domo. On 
onch flank aro towing-path passages 4 feot in width. 
Tho wings of approach are on their concayo or external 
sido fitted with steps for the convonionco of accoss to the 
berm lovels. Inn all other rospects tho faeo of the bridge 
ig quite plain, toppod by a cornico and parapot of as fow 
parts as possiblo, and in ovory caso tho roadway, and 
consoquontly tho lining out of tho coursos, is porfodtly 
horizontal, 

In casos whore rajbuhas and inlots aro attached to 
tho bridge, tho dosign is precisoly tho samo ag thal 
oxplained in tho second section, The ramps of approach 
ayo on a slope of [ in 50, excopting at tho crossing of the 
Qrand Trmmk Road and its branchos, at which points this 
has beon reduced to 1 in 100. In minor details one 
genoral dosign has been pursued in all theso works: 
diffevoncos in tho parapets and cornices boing the only 
deviations from a stict uniformity. 

Tho soil thronghont tho Cawnpoor torminal line is 
good for foundations : in very fow places have wo como in 

na 
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contact with sand, and gonorally spoaking tho virgin oarth 
is as hard and compact’ as it could woll be. Bods af 
kunkur in block or in tabular massos havo (strango Lo 
say from its abundanco in tho neighbourhood) seldom 
been met with; but in the form of looso gravel it is 
universally found, cither in beds or seatterod indis- 
criminately through tho soil. Suporficial offlorosconces 
of soda are characteristics of all this part of tho country ; 
the alkali is, as I have beforo said, very injuxions to brick- 
making, and I may remark in passing, to brick or kunkur 
structures which aro raised in connexion with it. Tho 
nature of the earth in which the foundations havo boon 
laid, has led to great variety in their dopths; tho curtain 
walls, or those stretched across tho channel and forming 
the up and down-stream sides of the bridgo foundations, 
have in all cases been carricd to tho standard dopth; tho 
cross walls, or those on which the piers and abutmonts 
yest, have frequently, whon the soil was good, boon omittod, 
the superstructure being raised on a massivo fldoving, 
extending over tho whole surface from the back of ono 
abutment to that, of the other, and in frequont cases 
betwoon the 100th and 165th milos, tho countorforts in 
roar of the abutment walls, or tho supports upon which 
the towing-path passagos rest olsowhore, havo boon 
omitted. For plans and sections of thoso foundations, 
gee Plate LITT. of the Atlas. 

The material used has depondod ontirely upon tho 
resources of tho officer engaged in any particular part of 
the line ; in some cases kunku has been the solo material, 
in others brick; whorcas it has been by no moans m- 
common to uso both brick and kunkwr in combination, 
At the villages of Husseyrun, Bahosi, Goonaha, Oomurda, 
and Juggutpoor, tho arches of tho bridges aro built of 
kunkur, which at this point is of a vory suporior quality, 
free from the honeycombed texture which ig tho charac- 
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toristic of the kunkur formation, and quite as compact ag 
many of tho nowor limestoncs. As a genoral rulo, how- 
over, the archos, tho largest of which has a span of 365 foot, 
aro built of brick. The coment consists principally of— 
8-5ths kunkur lime, 
2-5ths soorkee or bujreo; 
tho detail of which, togother with tho amount of matorial, 
&e., will bo found in tho tablo in Appondix J. 
The average rates havo boon as follow :— 


RSA, DP, 
Aich masomy, per 100 cubic fect. . 21 8 6 
Plain masonry, por 100 ,, < . 1479 
Plastering, por 100 superficial feet . 81 9 


And the average cost per bridge may bo estimated at-—~ 


Rs, A 


5 


For 8 arches cach, 33 fect span. + 11,025 18 2 . 
» 3 7 82, : » 10,935 1 6 
eo gl, : + 10,081 8 0 
» 8 ” 30, . - 10,050 6 7 
KO 2a 4 : » 9,982 15 4 

- » 8 ” 2B + 9,891 12 11 
» 8 ” 26 ~«C«, « 9,859 15 0 
» 2 in 8b Oy : » 9,514 7 6 
ae) * 88, . . 9,066.18 6 
er ” 82, ‘ . 9,588 6 1 
2 ” 80, a » 8,747 12 4 
» 2 ” 20% yy ‘ . 7,721 0 0 


Tho old road botwoon Mynpooric and Agra crossod 
tho canal at an anglo of 65 dogrocs ils alignomont was 
vory ivrogular; and although motalled and raised sufli« 
ciontly above tho country, was open to much improvement. 
I had in all casos avoided skow bridges, in consoquenco of 
tho great additional exponse that they would lead to, as 
woll as that tho only legitimate oxcuse for departing from, 
tho roclangle is whoro tho crossing occurs in the midst of 
towns, or land of 1 vory valueblo doseription which would 
bo injured by an altcration of approach; or, in casos 
whoro tho facilities of thoroughfare would be materially 
bonofiled, As neithor of thoso dosidorata oxistod at the 
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crossing aboyo alluded to, the Dunahar Bridgo has been 
constructed at right anglos to tho axis of tho canal, end 
the approaches havo beon brought to boar upon it in 
sweeps, as shown in tho plan of this particular work, 
the whole of the approaches have been Inid out with 
great care under the oyo of the executive cngincor, aud 
I do not anticipate any objections to the omission of 
the skew. 

The average rates por 100 cubic foot at tho Dunahar 
Bridge are :-— 


Rs AP. 
Plain masonry . . 16 4 5 per 100 cubic feet. 
Arch masonry . . 2114 Operl00 , ,, 
Plaster. . - 210 4 per 100 superficial fect. 
And the total cost of the work is Co.’s rupoos 


12,419-1-4, 

" On reaching the 145th mile, the bridgos aro reduced 
to waterway of 80 and 25 feet in one scgmental arch. 
Of this description of bridge, there aro eight. With 
the exception of thoso at Koorsowli, Barah, and Mus- 
wanpoor, having pilasters belwoon tho towing-path pay- 
sages and the main arch, thoy are in design and con- 
struction similar to thoso before doscribod, At tho 
village of Khujoori, whore tho canal is crossed by tho 
high yvoad between Cawnpoor and Kalpi, tho bridge, 
‘which is on the last dimension above noted, is built 
on a skow, with an angle of 87 degrees: tho road on 
its approach fo the canal was well lined out, straight, 
metalled, and of uniform dimonsions, tho anglo of intor- 
section was at the same time moderate: hero, therefore, 
was & case where the skew pattorn might be appropriately 
introduced, and it has been completed vory satisfactorily, 
leaving the original alignement in its formor stato, ‘Tho 
bridge, both up and down-stroam, is*protectod by ghatw, 
with steps of descent from the highor levols of the road- 
way. The ramps of approach are on a slope of 1 in 100, 
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and tho finishings, both in masonry and carthwork, aro of 
tho same description ag olsowhero. 
Those bridges are built cutively of brick with comont 

consisting of :— 

2 parts of kunkur lime, 

1 part of soorkee or bujree. 
Tho average rato por 100 cubie fect of masonry may be 
ostimated at -— 


Us, A. rn 
Vor aveh work . . 19 12 8 per 100 cubic feet. 
Por plain wok. » 18.12 Gperlod , 4 
For plastering . . 8 £& 6 por 100s, feet, 


Tho cost of oach of the plain single arched bridges was 
on an avornago equal to Co.’s rupees 6,844-12-4, that 
of tho skewed bridgo at Khujoori was Co.’s rupecs 
9,341-10-6. 

On tho Cawnpoor terminal line from tho head at 
Nanoon to the Dubowli Escapo, which, as I havo before 
said, is 165 milos in length, thore avo 57 points ab which 
tho canal can be crossed by the public, tho avorago 
distance betwoon onch bridge boing 2°89 milos. This, 
with a propor adjustmont of roads (tho position of tho 
bridgos having boon dotormined with reforenco to straight 
lines drawn botweon tho leading towns in tho districts), 
and ospecially by tho radiation of village tracks towards 
the main roads of approach, ought 10 throw tho wholo 
counlay open, and rondor the means of cross communica- 
tion sufficient for all practical purposes. 


B. Erawau Line, 


From the Nanoon Rogulators to the Moosangeur 
Eseapo, botweon which tho bridgos in this section aro 
_ limited, the distanco is 170 milos. The channel is very 
similar in capacity, and the dosign for tho bridges varios 
in no groat degree from that which was laid down on the 
Cawnpoor lino, Tore, however, tho resources of the 


* 
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country have enabled us to maintain ow bridgos ot tho 
original scale, and to construct thom with tho fullest 
liberality of material. At the’ poriod that I am writing, 
T may, however, observe thet the works have not beon 
advanced farther than the 110th mile, and thorofore, that 
the districts parallel to thoso in which the oxceutivo 
engineer of the Cawnpoor lino had so much diffeulty in 
procuring labourers and materials, have nob yob boon 
reached. Lieutenant Whiting, the executive onginoer of 
the works, does not, however, anticipate the difficultios or 
want of resources mot with in the Cawnpoor terminal lino, 
and there is little probability, therefore, of our being 
prevented from completing the bridges as they wero 
originally designed. Theso bridges are as follow :— 
From 1st to 10th mile, 3 bays of 38 fect each, 

» 10thto 80th , 8 4, 380 , 

» 80thto 50th , 8 4 26 4, 

» 0th to 70th 4, 

» 70thto 90th ,, 

» 90th to 110th ,, 

» 110th to 180th, 

» 180th to 150th ,, 

» 160th to 175th 4, 
The design of tho whole corresponding with that undor 
the fifth class, with the excoption of the singlo archod 
pilastored bridges, which lie on tho up-stvoam sido of the 
Moosanuggur Escapo. 

The detail of all these bridgos, noting tho oxtont of 
ghats and appendages to each, has been boforo given in 
the second part of this paper; and the ratos and dotail of 
material used will be found in tho tablo in Appondix J. 
The average rate per 100 cubic feet of brick masonry may 
be estimated at rupees 12-5-9, and that, of kunkur at rupeos 
11-12-0, and the averago cost of bridgos as follows :— 


hte no pop 
tS] 
oO 


8 arches of 83 feet ench . 10,892 $ 8 
¢ 80° 10,121 4 4 
84 489 96> »  . 9143 6 9 
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Tho nature of the soil on tho country through which 
tho Ftawah line rung, is very similar to that which T havo 
doseribod in the formor section; it has all tho advantages 
of tonacily and rotentivonoss, and all its ovils of local 
admixture with soda. As srulo, howover, itis woll adapted 
for foundations, and for tho sustaining of abulmonts or 
rotaining walls, whon such walls aro placod in contact 
with the virgin soil.. Tho matorial both in brick and 
limo, and tho method of using both, cithor mixed or 
soparatcly, aro common to both the Htawah and Cawn- 
poor lincs} and as tho standard rules for construction 
avo the same‘in both, thore appears to be no nocossity 
for reporting what has boon alroady said in a formor 
soction, 

Wo havo within tho limits of ow prosent dotail, a 
nimbor of bridges oqual to 40, seattored over a line of 
110 miles in longth, giving betwoon oach bridgo an avorago 
distanco of 2°75 miles. Tho samo remark which I mado 
on tho subject of roads, applics hore as it did olsowhoro. 
Tho only way that tho bridgos can bo turned to propor 
account is by oponing lines of approach to thom; tho 
funds for doing this aro in tho hands of tho civil 
uuthorilios, and of tho local road committoos, onch ov 

‘both of whom will rocoivo tho most roady aid from the 
can anthorilios, if thoy ploaso to take advantago of it, 
At tho timo that Iam now writing, considorablo progross 
has boon mado in lining out and constructing roads 
connecting the bridges on tho Etwwah and Cawnpoor 
toxminal linos, most of which havo beon comploted 
between the Nanoon head and the high road betwoon 
Agra ond Mynpoori. I am greatly indobled to tho 
oxértions of Lichtonant Whiting of the onginoors, tho 
oxceutivo ongincer of the Btawah terminal lino, for the 
groat progross that has beon mado in road-making in tho 
districts connected with his works. 
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V. Bridges on the Branches. 


This section includes tho bridgos on tho Futtigurh, 
Bolundshuhur and Kool branchos; works which from 
causes bofore explained, havo, up to the poriod af which 
I am now writing, been only partially procecded with. 
With the exception, in fact, of initiatory surveys, tho con- 
pletion of the leading six miles of the Bolundshuhur 
Branch, arrangements for material in tho carly part of 
the Futtiguyh and Bolundshuhur branchos, and the 
completion of the works at the heads, nothing has 
been done. In the design of the bridges, however, T 
have no idea of deviating from that which has been 
put in practico on the main trunk lino. The plan of 
combining with tho bridges tho different works for inlet 
and outlet appears to havo great advantages, in both 
compactness of design, convenience of supervision, and in 
affording drainage to the bridges in the neighbourhood 
of the approaches, which must necessarily be much clo- 
vated. Tho flat segmontal arches, by admitting of 
increased rise to the height of tho piors, givo facilitios 
to the transit of boats and vafis, whilst thoy socuro to tho 
roadway the smallest possible rise above the lovol of the 
country. 

The width and capacity gonorally of the rajbuho 
heads might be rotaincd at the minimum measurement, 
used on the main trunk line, viz., with a width of 6 foot; 
that of the inlets I would retain on tho standard moasuro- 
mont, which gives space for tho introduction of labourers 
for the purpose of clearanco. Tho length of ghats or free 
for giving.protection to the head of the rajbuha, and the 
retaining wall in its rear, might bo very much veduecd, 
the former to a mere platform sufficiont for working 
pwposes, the latter altogether; stops of descont boing 
constructed (as has usually been done elsewhere) on the 
concave surface of the wing walls, Unless oxporienco 
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points out that tho position of the rajbuha head and 
chamel thus designed is inconvoniont, and, liable to intor- 
ruption from sili and sand deposits, tho modified design 
for the branch bridges as above suggosted will, I think, 
bo a good ono, and at the samo timo modorato in cost. 

Under the above explanation, and in the order of pro- 
codonco in which the branches wre situated on the main 
works, T would for the Muttigurh Branch adopt tho follow- 
ing dosign for walorways :— 
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‘4 WIth ,, ove 20 jt y 20) 4 





On the Bolundshthur and Koel lines whore the width 
ab tho hoad is 50 feot, tho teble above given would be 
oqually applienble. 

For tho clovations, Class 5 would be that appropriate 
to all tho bridges with moro than one arch. Tho single 
urchod bridgos might bo similar to those in tho vicinity 
of tho torminal works on the Cawnpoor line, that is to 
say, with the towing-path passago flanked by pilastors ; 
or, What would be more economical, and perhaps moro 
appropriate to villago and country bridges, thoy might bo 
mado porfeetly plain liko those in Class No. 5 above noted. 

Tt ix unnocegsary to say anything further on the con- 
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struction of tho above works, as thoy aro copios of those 
which have beon already built, of which plans and all 
necessary sections are shown in tho Atlas. 

This chapter would be incompleto wero I not to add 
some concluding remarks on the bridgos which havo beon 
described in tho preceding pages, and which havo beon 
completed previously to my resigning tho directorship of 
the works, These remarks will naturally apply to tho 
classes separately, an arrangoment that will enable mo to 
bring under review the different works undor thoir oxact 
specification ; commencing, therefore, with— 


No. I. Cuass, 


the standard design of which is figured in Plate XLIX, of 
the Atlas. 

The bridges under this class aro as follow; including 
those which are attached to the Solani sa ter- 
mini :— 


1. Kunkhul. 

2. Jowallapoor. 

8. Muhewur, or up-siream Solani Aquoduel 
terminus. 

4, Roorkeo, or down-stronm aquoduct torminuy, 

5. Gunespoor (substructuro only). 

6. Munglou, 

7. Liburheri. 

8, Mundowli (substructuro only). 

9. Dimat. 

10. Toghulpoor, 

11. Belra. 

12. Bhopa, 

18. Khutowli. 


The Mundowli and Grunegpoor works aro, as I havo 
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above oxplainod, loft in an incomplcto state, so that thoy 
may horeafter be finished with masonry arches. 

Tho five'leading bridges on the list wore built undor 
tho executive superintendence of Captain Goodwyn of 
the Engincors, tho remainder by Lioutonant Frasor, of tho 
same corps, aided by thoir assistants. Tho arch, although 
with an clliptical outlino on its intvados, is, as will bo soon 
by tho plan, a segmont, tho voussoirs boing brought to 
bear on ono contro; tho impost blocks, or skew-backs on 
which it rests, aro formed by horizontal brickwork, which 
is projected so as to form tho lower portion of tho cllip- 
tical curve. In one instance only, viz., at the Munglour 
Bridgo, this rule was experimentally departed from, tho 
voussoix in that caso boing brought to bear upon fivo 
contros, and tho arch being constructed on an cllipso. 

Tho thicknoss of arch was 3 feot in all those bridges. 
With tho oxeoption of tho arches of tho Khutowli Bridge, 
which wore built on contcrings mado with plain carth, tho 
archos of tho above bridges wore built on timbor ribs 
rogling on cross walls of brick with mud coment. 

On my rojoining tho works carly in 1848, tho picrs 
and abutmonts of the Kunkhul, Jowallapoor, Munglour 
and Liburhori bridgos woro completed ; timber contorings 
had boon proparod for tho archos, and tho works in 
quostion woro in progress of induration. Tho brick 
manufactories, which had boon’ sinco the yonr 1842 in 
progross, undor interruptions of various kinds, had at this 
poriod arrived at a fair stato of organization; and from 
tho hoad works to the town of Sirdhunna, not only had 
largo supplies beon collected, but kilns were in progress 
in sufficiont numbers to gocure an enorgotic advancomont 
to tho masonry works. ‘The whole of tho bridges, thoro- 
foro, which saxo included in the presont class, wore 
complotod without delay. 

With tho excoption of tho two bridges which are 
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attachod to the aqueduct, and to the works in tho immo- 
diate vicinity of Roorkoo, nono of theso bridgos have 
escaped without sottlemont aftor tho suporstrncture was 
built. This was shown by slight openings on tho parapets, 
generally speaking, over the haunches of tho arch, not 
extonding below the cornico, and in all casos, oven in those 
of the Munglour and Jowallapoor bridges, whore thoy have 
appeared most prominontly, of vory small dimonsions. 
The whole of these bridges, with tho exception of thoso al. 
the aqueduct and at Khutowli, appear to mo to have beon 
somewhat hastily stuccoed, the outer coating of this 
material having beon laid on before the arch had per- 
manently settled, and before tho masonry had become 
perfectly indurated. 

Having drawn attention to the Jowallapoor and Mun- 
glour bridges, I may observo that the dofoct in the formor 
may be derived from an accident which occurred to the 
right abutment and wings shortly after the -work was 
finished. During tho rains of 1850, flood-wator broke 
into the canal through the embankment at tho right 
down-stream wing, which it carried away. It is possible, 
that what with the shock of this accident, and what wilh 
the torrent of wator pouring into tho canal at tho back of 
the right abutment, this part of the work suffercd. Tho 
defects here are morely an extension of the openings 40 
which I have before alluded, the arch itsolf boing intact, 
The whole has beon very well repaired by My. Kay, 
assistant executive engincor attachod to the division. 
Tn relieving tho archos from the contorings, tho sottlo- 
ment was considerable, as will bo scon on reference 40 
Table I. of the Appendix. 

The Munglour Bridge is tho only ono in which tho 
voussoirs of the archos are directed upon numorous 
centres; and, whether from this causo or otherwise, the 
settlement has been more here than olsewhore. Tho 
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lowering of tho contorings of this bridgo which was tho 
first constructed in the second division of the works, was 
superintonded by My. Read in porson; tho result in tho 
caso of ono of the archos was unsatisfaebory ; tho actual 
sinking of the crowns on the removal of the couterings 
was thus :-— © 


Right arch, 3°78” 
Centro arch, 3+7'7” 
Loft arch, 4°52’, 


Tho two former stood tho ordeal well, bul on tho left 
for a space of 5 ox 6 foot across the arch on tho up-stream 
sido, cracks showed thomsclves of sufficient opening to 
admit of a flat rulor being pushed in to the dopth of 6 or 
7 inches ; tho bricks ab the crown and haunches of tho up- 
stroam {neo appeared, too, to have boon somewhat dis- 
tyrangod, Both tho keying and bricklaying of thoso 
archos were carefully looked aftor; but tho executive 
onginoor supposed that some enreless brickwork had beon 
introducod, and that in definneo of all stporvision, the 
construction of archos of largo dimensions with the inox- 
porioneed workmon wilh whom wo had to deal, must in 
tho commoncomont be liable to annoyances of this sort. 
This bridgo was allowod to stund without stucco for tavonty- 
fow months; on tho completion of which timo, it was 
concluded that any furthor scttlomont was out of the 
question. Sinco tho completion of the stucco, howevor, 
slight openings have appeared in the parapot walls ovor 
tho haunches; and although thoro is no reason to appro- 
hond avy sorious extension to theso openings, thoy dis- 
figure tho appearanco of tho work. 

T havo, in tho londing scction of this chaptor, when 
twoating of contorings, oxplained tho univorsal soparation 
that took placo on tho flanks, gonorally spoaking, from 
the 6th to the 12th course from tho skow-hack. With 
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timber conterings the sixty degree arch that wo havo 
used hag in every caso exhibited this pocnliar foaturo. 
Tn the earthen centerings, tho causes that I have shown 
for the separation at this particular part of tho arch, aro 
more clearly recogniznblo than those in tho caso of the 
timber contorings* In tho former tho soparation dis- 
tinetly takes placo during tho building, and when tho 
weight of the arch begins to act upon the compressiblo 
matorial of which the centoring is composcd; in tho 
latter the separation seldom occurred until the arch was 
keyed and the centering romoved. In Tablo I., which will 
be found in Appendix, tho amount of scttlomont on tho 
removal of tho contorings is shown of cach arch that has 
been constructed. Tho action on tho haunchoy, and 
the amount of sottlemont are cloarly due to tho nature of 
the seams of mortar in voussoir, the nocossity of attending 
to which in its groatest minuteness is a mattor of vory 
serious importance. For instance, the length of a seg- 
ment of a circle of 60 degreos, whoso radius is 83° foct 
is 84°55 feot: in examining this arch I find that tho 
number of courses of 8 inch bricks which havo boon leid 
in voussoir is equal to 126; that 126 x 8—878 inchos, or 
81} feot; and that consequently 3:05 foot in longth of 
this arch consists entiroly of a soft compyossiblo matorial. 
Now, on 127 seams the average width of onch on tho 
above results is ‘285 inches, whorcas tho width of seam 
with mortar as it is commonly ground ought not to ox- 
ceed ‘25 of an inch (properly speaking and with woll-cut 
bricks ‘175 might be obtainod), 

All oxcess over the minimum dimonsion above noted 
may bo considered as directly tending to sottloment moro 
or less injurious to the arch. In a caso that camo undor 
my notice, in which the argument hold was, that it was 
better to allow the native misteri to follow his own habits, 
which were founded on experioneo, of tho yaluo of tho 
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matorial with which ho was working, than 10 intorrupt 
his progross by tho introduction of European systoms. A 
gerios of archos had boon built with execllont 8-inch 
bricks, and with kunkur limo coment, tho Intlor some- 
what coarse, bub supposod to be of a good quality for 
‘hydraulic purposes. Somo of theso arches wore somi- 
circular, othorg woro flat segmonts similar to that 
described above. Tho seams of comont wore in no soli- 
tary inglanco under throo-quartors of an inch thick, gonc- 
rally speaking they wero abovo an inch, and they wore 
avoragod in my note-book ag ono-inch seams, Tho 
number of 8-inch bricks in an arch of tho abovo dimen- 
sions ig 100, giving a total longth of 25 foot. Of tho full 
arc, thoroforo, thero wore in this caso no less than 
9:55 foot in longth of mortar: that is to say, of a matter 
purely compressible, and directly detrimental to tho 
stability of tho arch. I may obsorvo (and this is a 
fact that was not considored by tho builder), that tho 
native mistori nevor romovos his eccontoring until tho 
matorial of which his earch ix composed is porfectly 
induratod; ho nover, moroovor, dreams of building 
flab sogmonts, his form of arch being confined to 
somicireular, poimted, and to tho Tudor outline, Tho 
valuo of tho somicireular native arch dopends upon its 
massivo proportions more than upon its correctnoss of 
voussoir, of tho equilibrium of ils paris, ‘Tho adaptation, 
thoxefore, of tho nativo stylo of bricklaying to arches 
subject to ow disciplino, was altogothor inappropriate ; 
and tho proof of its boing so, was shown in a caso 
whore the arch of a towing-path passage which had boen 
built on the native plan, with soams (as after examination 
showod) of upwards of ono inch in thickness, was in the 
couse of a few months uttorly destroyed. Tho passage 
of carts ovor this arch, and the vibration ationding there- 
Vou. I. 8 
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upon, had so completely disintogratcd tho mortar, that 
the bricks actually separated and dropped out, leaving 
holes through the crown of tho arch. Tam awaro thiunt, 
with voughly formed bricks it is difficult to obtain seams 
of the reduced thickness, bul it is oconomy in tho ond to 
cut such bricks into shape. I profor this at any cowl, to 
concentric rings, which is one way of gotting out of tho 
difficulty, and which in fact was adopted in tho works at 
Myapoor: but if it is an accepted fact, that no two archos 
settle equally or uniformly, it follows that if throo lines 
of arches ave laid abovo each other, and aro built with 
the intention of performing tho dutics of a solid arch, 
any inequality of settlement of tho three concentric Inyern 
will defeat the object in viow; nor will an occasioul 
bond formed by bricks dovotailed botweon the rings which 
Thave had pointed out to mo on English railway works, 
ag an antidote to the evil of which I complain, act furthor 
than in disarranging the equilibrium which really doos oxist, 
without them, That a reduction in the extont of scams is 
gained by tho concentric layor system, I ailmit, bub iis 
liability to invegular scttlemont appears to mo to roudor 
its advantages quostionablo. 

On tho Ganges Canal works, tho greatest altoution 
has been givon to the roduction to a minimum of tho 
seams, both in plain building, as woll ag arclrwork, and I 
would bring forward the whole of tho works on the Soluni 
Aqueduct, as well as those in tho khadir, as good spoci- 
mens of close, and, according to my idea, woll-laid 
brick-work, On the whole linc of works, in fact, from 
Myapoor to the Termini, there are fow arches that I 
would not produce as illustrations of oxecllent brick- 
laying. The bridges under this class aro built: ontiroly 
with brick. 
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No. Il. Crass—The standard of which is figured in Plate L. 
of the Atlas. 


Those bridgos, which avo yory similar to thoso abovo 
described, and principally diffor in thoir having a sog- 
montal instead of an olliptical intrado, are built in ono 
continued series from the 106} 10 the 180th milo: thoy 
consist of two vavietios of waterway, tho leading ones 
having three bays of 45 foot each, and thoso which aro 
situated below having three bays of 40 foot cach. 

Tho works under this class may be thus cnumorated :— 


Threo bays of 45 foot oach. 


1. Peopulhera 8. Dhumkowra. 

2. Raoli. 9. Urrowli. 

8. Nidhaoli. 10. Wullipoora. 

4, Jarcha. 11. Mamun. 

5. Geosoopoor, 12. Uchubja. 

6. Sumowla. 18. Moondakhora, 

7. Pukkanna. 14. Suhonde, 
Throo bays of 40 foot cach. 

1. Daopoor, 6. Barota. 

2. Birowli. 6. Machoon. 

8. Dubtulla, 7. Chungori. 

4. Kasimpoor. 8. Shoka, 


making a total of twonty-two bridgos. 

Tho two loading bridges ab Poopulhera and Raoli 
woro built undox tho suporvision of Mr. Road, the excen- 
tivo officor of tho Second Division; tho whole of tho 
others were laid ont and completed by Mr. Volk, tho 
oxocutivo officor of the third division of the works. Tho 
dosign is similar to that originally proposod, with modifi- 
cations adaptod to the project of 1850, Tho introduction 

: 82 
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of block kunkur in conjunction with brick, is tho most 
remarkable featuro in this class of bridges. Block 
kunkur, in fact, may be considered tho staple matorial for 
tho whole of the building, with the oxcoption of tho 
aches, which ave invariably mado of brick ; brick, 100, is 
used, generally speaking, in cornicos and finishings, bub 
not universally. 

The arches of the Peopulhera and Raoli bridgos wore 
built on plain earthen centerings, similar to thoso which, 
under the section on centerings, I havo placed undor tho 
denomination of Class Il. A. Thoso from Nidhaoli 
downwards were built on conterings composed of oxternal 
ribs of temporary brickwork, with an interior filled with 
carth, as shown under the head of Class II. B. I havo, 
in its proper place, given my opinion as to the valuo of 
thego different sorts of centerings. Thoy have, with tho 
exception of the two cases above-mentioned, beon univor- 
sally adopted in the building of tho bridges of -the Boson 
class. 

From tho nature of the centerings and tho rigidity of 
the external ribs, which provonied tho sottlemont which 
I havo before alluded to, the separation at tho haunches, 
as shown so distinctly during tho progvoss of the building 
of the arch, was less frequont horo than in tho casos 
above described. It was seldom observablo until tho con- 
torings woro cntirely removed, and thon in a vory slight 
degroo. As a rule, however, aficr the construction of tha 
parapets, and when tho archos woro loaded to thoir fallost 
extent, oxccodingly slight openings oxhibited thomsclves 
in the parapets over that part of tho haunches to which I 
have before alluded. Tho scttloment morely showed that 
the same action, and tho samo cause for i aniied in 
these bridges as it did in othors. 

The use of block kunkur g0 largely buvsaision those 
works, and its satisfactory appearance whon tho bridges 
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woro completed, rendered it a matior of regret thal they 
should bo stuccood. In casos whore mixed material had 
beon used, such a coating was desixable ; but in others, 
as fu as moro appearance was concerncd, tho plain slono 
buildings would havo been p ploasing varicty. Tho 
toxturo of kunkur is honoycombed, and as a rulo nol 
compact. In oxtromos, tho stone may bo described 
in its most porfoct stato, as ® gray semi-crystallino 
rock, tough, with occasional amygdaloidal or ixvogularly 
shaped hollows, disporsed throughout its mass, the hol- 
lows being filled with oarth. In ils most imperfect state 
(I alludo simply to the block kunkur, which is availablo 
for building purposes), these hollows are more numerous, 
and they givo to the rock the honeycombed appemranco 
to which T havo before adverted. It is found in oxton- 
sive tubular masses or strata (gonorally accompanied by 
sand), tho upper and lower sides of which avo slaty aud 
apparently imporfoctly indurated; the induration, in fact, 
increases towards tho contre, whore it is frequently of tho 
hardost deseription of the nowost limo rocks, and of a 
crystalline character. In using this matorial thero wore 
a fow indisponsablo rules to be atlonded to. 

1st, The ontiro removal of tho outside or slaty 
portion, 

2nd. The placing of tho masses in a horizontal 
position, and in courses corresponding with their lamina, 
or with that in which thoy lay in tho quarry. 

8rdly. In using tho matorial at all, the groatost atten- 
tion to bo givon by the eugineer suporintending tho works, 
not only to tho officiont quality of tho material, but to 
seeing that tho two formor rules woro abided by. 

‘Tho outside was hewn off by the quarry labourers in 
somo cases, in othovs at the works thomsclves. Heavy 
exes (koolharies) wero used for this purposo, and as far 
as my periodical inspoctions admit of judging, tho first 
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rule has beon strictly attended to; the chips or fragments 
romoved from the blocks in proparing thom for tho build- 
ing have been used as motalling on tho roadways. As 
far as such was possiblo, tho socond rulo was followed, 
and there is no doubt that tho strictost attention was 
given by the ongineors to tho quality, Aflor all, how- 
ever, good as the appearance was of works built with 
kunkur, it was very evidont to mo that from tho naturo 
of the material, and from its honeycombed toxturo, its 
outside surfaco required protection from tho action of 
running water, as woll as from that of woathoring. In 
the former case it was clear that stucco must bo used ; as 
the cwrent would in a very short time reliove the hollows 
from their carthy particlos, giving tho outside oxposed to 
the action of water a most unsatisfactory, if not dangerous 
surface. In tho latter case, where tho work was not 
exposed 1o the attrition of water, the vory nature of tho 
rock, calcareous and rusticated in surfaco, laid it par- 
ticularly open to the effects of weathoring, to tho vodop- 
tion of seeds and vegotation of all doscriptions to which 
buildings in India are subjected, and to both theso ovils 
being considerably magnified by tho oxcess of moisture 
that will attend upon the introduction of irrigation. 

I may obscrvo that, although I had no exporionco of 
the effects of attrition of curront upon this spocios of rock, 
its use in buildings is s0 common in those provineos, that 
there can be no mistake about its officiency in the first 
place, and the action that weathoring exerts upon it in tho 
second. The latter is in direct proportion to the oxtent of 
the honeycombed nature of the stone used, Whoro this 
is in excess tho surface assumes an appoaranco liko that 
given to rusticated pillars and plinths, whore loose bits of 
gravel have been stuck in mortar. Whoro the rock iy com- 
pact and crystalline it withstands the weathor as woll and 
better than our freostonos and oolitos of England ; in this 
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case it is an admirable building stone. Its colour is gray 
and thorefore cold, which in a hot climato and under a 
broiling sum may be considored rather advantageous than 
otherwiso. 

In extensive works, like those wilh which wo woro 
connected, it was impossible to draw vory minuto distine- 
tions ; and in fact, tho vory suporior class of kunkur which 
I havo above described is so rare, that it nover existed 
uniformly in any particular work. It was therefore deter- 
mined that the whole of tho bridges, whether built of 
kunkur or not, should bo stuceood, and that experi- 
mentally tho back rotaining walls connected with the 
ombankments, which were out of tho reach of the canal 
channel, should bo left wnplastored, so that hereafter an 
opinion mig bo formed as to tho advisability or not of 
loaving kunkur surfaces exposed. All those kunkur works, 
therotoro, as fur as thoy aro directly in contact with tho 
water in tho canal channol, aro stuccood.* 


No. TIT. Cuass—Zhe standard of which is figured in 
Plate LL. of the Atlas. 


Tho bridgos undor this class aro five in numbor; thoy 
commonco immediatoly bolow tho hoad of tho Futtohgurh 
Branch, at the 54th milo; and with tho exception of tho 
Khutowli Bridgo, continuo minterruptodly 10 tho 72nd : 
thoy are called :— 

1. Dukheri Bridgo, 
2. Jonsut Bridgo. 
8. Surai Bridgo. 
4, Buthori Bridgo. 
6. Utwma Bridge. 


* Since this wae written, many of these bridges have been entiraly 
covered with stucco. 
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I havo before described that the dosign of these 
bridges originated in tho necessity for using native bricks 
of a small size, which wore procured from tho oxtensivo 
ruins at Chitowra and other places in tho neighbourhood. 
To meet the inguflicioncy of this species of matorial 
for 60 degree segments, the riso of arch was incroasod to 
10 feet. To break the continuity of tho surface givon 
to the spandvils by this oxeess in tho riso, tho bridge 
roadway was supported on an open lino of arches rosting 
upon the segments as open ribs spanning the waterways. 
By this arrengoment tho superstructuro was reduced both 
in weight and extent. Tho sides woro flanked by towing- 
path passages. 

These arches wero built on plain carth contorings, and 
from the nature of tho brick that was used, and tho con- 
sequent superabundance of cemont which it necossitated, 
the settlement on the removal of the conicrings was con- 
siderable. Three of these bridges wore stuecoed vory 
shortly after the masonry was completed, and subsoquout 
settlement has produced tho samo disfiguroments in tho 
parapet walls as I have montioncd in former casos, 
where tho plastering or stucco was somowhat injudici- 
ously hurricd forward. The dofoet is more conspicuously 
marked on these bridgos, from its appearanco on tho 
arches which occupy the spandrils, In portions of 
theso works connected with the wings of approach, 
and the steps of descent which aro attachod to them, 
it was found necessary to substitute the largo for tha 
small brick. Proximity of kilns to tho Dukheri and 
Jansut bridges, vondered such an arrangomont a mattor 
of no difficulty, I havo not boon at all satisfied with 
the results of building with the old bricks, Fyrom thei 
small size, and frequently being in fragments, the pro- 
portion of coment, is extraordinarily great, so that tho 
building in mass consists of mortar, in 2 proportion that 
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exceods all bolief. A spocimon of a wall which fell 
during the rains of 1852, presonted a most unusual oxhi- 
bition of this material. In addition to this (in itself 2 
gront dofoct), tho ruins which wore composed of brick laid 
in mud, although oasily pulled down from the cireum- 
stance of tho facility with which tho bricks wore scparated, 
produccd a matorial more or less covored with dirt; and 
with all tho caro that was given by tho exceutivo officer, 
no washing could uttorly got vid of it. An oarthy sub- 
stanco in contact with tho brick was dostructivo to the- 
proper adhesion of tho lime eement, and was in itself, 
therefore, injurious. These two defects, although dote- 
riorating the value of the masonry, and showing that 
when constructed with tho old bricks, it is decidedly 
inforior to that composed of tho now and largor sized 
kind, are pointed out as the results of our oxporicnco 
on theso works, ‘Tho limo that has beon used ig derived 
from,-a vory superior description of marlo (called carth 
limo, to distinguish it from that burnt from kunkur), Tho 
bricks with which tho arches wero built wero, I Deliove, 
very carefully solected, weshod and Inid, and as far ag 
quality is concorned, aro of tho vory first doscriplion, ag 
ul the little bricks usod by tho natives aro, In both 
thego respects, thorefore, viz.: in goodness of limo and 
quality of brick, nothing could bo bottor than tho matorial 
with which theyo bridgos aro built; but thoir good qualities 
aro noutralized in part by want of bond, oxcess of mortar, 
and introduction of foreign matter in the shapo of mud 
into tho masonry. 

On this subject, I may remark, that the progenco of 
the ruins which, provided tho works with such an onor- 
mous quantity of matorial has been the main causo of our 
being able to complote such extensive works in so short 
a period of timo, By singular good fortune, the engincor 
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might perhaps bo excused for saying, by a providential 
arrangement, these ruins were in the markot, on tho only 
part of his district whore good brick soil was scareo, and 
where fuel was (at a roasonablo cost) litorally not pro- 
cwable: he found himself in the midst of plonty when 
on the brink of starvation; and noither he nor T can bo 
much blamed for fecding on manna in tho wildernoss, 
although such manne might not have boon equal o tho 
things on the rich man’s tablo. 


No. IV. Crass—The standard of which is figured in 
Plate LLY, of the Atlas. 


Tho bridges under this class commonco at tho 77th 
mile, from that below Sirdhanna to tho Noorpoor Bridgo, 
or that situated at tho 103rd mile: thoy como undor tho 
following designation :— 


1. Nanoon. 6. Nowari. ie 
2. Jutpoora. 7. Sounda. 

8. Pooth. 8. Didowli. 

4, Jannikhoord. 9. Moradnugeur. 

5. Nugla. 10, Noorpoox. 


The buildings havo towing-path passagos flanked by 
rusticated pilasters, with tho spandrils picreed by cylin- 
drical holes: in other respects they are quito plain. Tho 
settlement of the arches which aro segments of 60°, and 
which were constructed on plain oarthon contorings, waa 
less here than elsowhero. I bolicve that tho oxporionce 
gained in building formor bridges was partly tho causo of 
this result. At any rate, tho dolay in comploting tho 
superstructie, ag well as that of covering tho oxtorioy 
with stucco, has, I have no doubt, beon successful in 
diminishing tho disfiguremonts to which I havo boforo 
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alluded. In theso bridges, howovor, proviously to tho 
building of the parapet walls, the sottloment of the 
haunchos showed itself in tho crown of tho spandvil 
eylindors ; the action having rosolvod itsolf in these casos 
into one separation, contrically situated botween the two 
haunchos. Tho separation at this point was oxcocdingly 
small; but [draw attention to it, asa proof that scttlemont 
at this period of the progross of tho building was hore, 
as olyowhero, provalont. Tho wholo of those works aro 
built of new brick, and thoy appear to me to bo tho best 
constructed bridges in this part of the canal. Tho brick- 
laying in tho archos was particularly good, ond the scams 
wero reduced toa minimum. Tho span of coach arch is 
50 foct in width, and tho depth or thicknoss is 24 foot at 
tho cvown, and 3 feet at tho impost blocks. 


No. V. Cuass—The standard of which is figured in 
_ Plate LLL. of the Alas, 


An oenumoration of tho bridges in this class will bo 
found in tho second part of this papor, under tho 
doseription of tho Cawnpoor and Etawah Torminal lines, 
to which thoy aro ontiroly confined. They aro quito 
plain, with no othor ornament than a cornico round 
the picr and cutwalor hoads, and a string course 
soparating the parapet from tho freo of tho building. 

* With two oxcoptious in the Cawnpoor line, whoro tho 
span of tho bridyos has beon incroased to 85 foot, the 
maximum span is 88, and tho minimum is 25 fool. 
Kunkur and brick havo beon used indiscriminately as one 
or tho othor was availablo; tho lattor boing, with tho 
excoption of tho arches of the Hussoyrun, Bahosi, 
Gonwha, Oomurda, and Jugeutpoor bridges, universally 
applied to the construction of the archos, The wholo of 
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the arches of thig class were built on conterings of oath, 
supported on each sido by brick and mud walls on the 
plan noted as Class II. B. After the romoval of tho 
centerings, the separation which I havo boforo described, 
and which, in fact, has universally attendod tho romoval of 
every centering whothor of timber or othorwiso, ocenrred, 
I believe, in all cases, and always in tho samo position, 
that is to say, at a distance of from six to twolvo courses 
of brick from the impost block. Furthor action appears 40 
have depended greatly on tho application of tho supor- 
structure. 

The instancos whero archos wore built of block 
Iamkur, the stono was of a vory superior quality, and 
well adapted to any-specios of building, In toxturo it 
was compact and crystalline, and with hardly any traces 
of the earthy concretions, which are so charactoristic of 
the kunkur formation. Here, however, as elsowhore, f 
have sacrificed the desive that I had for exhibiting this 
stone as a becoming ono for ornamontal building, 10 
the fear that was entertained of the joints giving cover to 
vegetation, and of the swrfaco boing injured by tho action 
of tho current or disfigured by woathoring. Those 
bridges have beon coated with stucco, in the samo way 
as thoso which I havo describod undor tho head of 
class No, 2, % 

T have a few vomarks to make on tho bridgos, which 
as not conforming in clovation and design to thoso 
logitimately answering to tho classes above montionad, 
have been separated and placed by themselves. ‘hose, 
as will be understood from what has beon before writton, 
consist of the— . 

1, Cross bridge at the Rutmoo works, 

2. Peeran Kullecur Bridgo, 

8. Sirdhunna Bridge. 
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and tho singlo arched bridgos lying above the torminal 
works, which may be thus denominated :— 


On the Cawnpoor terminal line— 
Koorsowli, 
Barra, 
Muswanpoor. 


The cross bridgo at the Rutmoo is in olovation 
similar in many respocts to that of Class No, I. Its 
archos ave elliptical, and described on tho samo numbor of 
contres; but its cutwaters are not surmountod by pilasters. 
Circular hoaded niches, however, placed centrically over 
the cutwaters, and dios sunk in the spandrils, give it an 
appearance not unlike that of tho class before mentioned. 
Tho abutments of this bridge.aro more massivo than 
those of Class No. I. They aro connected in their sub- 
structure with the undor-drainago of tho revetments. 

Tho Peeran Kulleew Bridge, tho design of which has 
bees. boforo deseribod, was completed about tho timo that 
T loft tho works: at this period it was without stucco ; and 
although during tho construction of tho archos, soltlomont 
in tho usual form had occurred, the oxtornal faco of tho 
clovation exhibited no taco of it, 

Tho Sirdhunna Bridgo, which was one of tho caviiost 
that was built, had its suporstructuro laid on at a poriod 
too shortly aftor the arch was thrown to savo tho parnpots 
from tho action of scttloment; it was stuccocd, moreover, 
fmmediatoly aftor the building was finished. Tho dosign 
differs from that of No. I. Class, morely by tho introduc- 
tion of flank towing-path passages, 

On tho Cawnpoor line, the bridges included in this 
lisl wore amongst the first that wore built; their’ com- 
plotion and stucco wore hurried forward; and tho result is 
shown in parapet disfiguromonts. 

Tho haunches in ovory cago havo been marked by a 
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separation in tho voussoir, so excoodingly slight as to bo 
wnobservable without closo inspection, but still oxisting 
in evidence of the action that has takon placo. Tho 
defect does not appear to dopond upon tho substructure, 
but rather on a settlemont of tho crown of tho arch ityolf. 
Tn all bridges without reforenco to oxtont of piors or 
abutments, or to tho naturo of tho soil in which the 
foundations are laid, and especially whore tho pnpor- 
structure over the arch has becn hurricd to complotion, 
subsequent settlement has, although without any apparent 
increase to the defect above mentioned, shown itsolf by 
an opening of the parapet walls: this also in a vory 
slight degree, the fissure not being tracenblo in connection 
with the arch, but clearly, I imagino, depending upon it. 
T ativibute the evil to tho use of compressiblo contorings 
of tho nature described in the loading section of this 
chapter. 

I believe that in practico, whore contorings aro 
vemoved on the plan which I havo doseribed, and whieh 
is for the purpose of enabling tho arch to acquire its 
proper equilibrium at a period when tho cement is moist, 
and when such moisturo admits of tho most porlvct 
compressibility, the separation at tho haunchoy is, if nob 
universal, of such frequent occurrenco, as 40 yondor it a 
matter of no considoration ; tho oponings, in fuct, bocomo 
immediately closed ; and tho joinis from the sclilomont of 
tho brickwork, and tho softnoss or moisture of tho coment, 
attain a degree of finoness as also of uniformity, that 
could not be attained by any othor means. Th bocomes 1 
question, however, in how far such settlement may bo 
due to the yielding’of abuimonts cithor by their inming 
on tho base as a fulcrum; to tho compressibility of the 
material of which tho abutmont is built; or finally, to 
the slipping of tho horizontal courses of masonry which 
form the abutments. . 
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Now, with rogard to the first point, or ‘tho actual yiold- 
ing of tho abutment itsolf,” it will bo soon by reforring to 
my first rule for bridge building, that tho intorvention of 
curtaing and floorings to the bays, provonted tho abutment 
from turning on ils fulerum or Daso lino, Whoro timbor 
centorings wore used, thoso floorings and curtains woro 
universally built beforo tho arch was relioved from its 
contorings; in othor casos they were absent. Whothor, 
however, they wero prosont or absent tho soparation at 
tho haunch took place. The action, thorcfore, on the arch 
appears to havo been uninfluenced by this circumstance. 
Again, in cases whero tho oxtont of tho abutment and 
its excellonce of workmanship placed all probability of 
yiolding out of tho question, tho separation at tho 
haunches soemed to prove indubitably that tho action 
arose simply from tho seltlomont of tho crown, and 
without roferenco to thoso parts of tho structure on 
which tho.arch rested. I havo taken much intorest in 
tho ~ progress of thoso buildings, and hayo lost no 
opportunity of oxamining tho improssion that this action 
of sottlemont oxorts on tho intrados of tho arch or on tho 
work gonorally, by ondeavouring to dotect cracks or marks 
of separation on tho ono, or a want of porpondictlarity 
or disarrangomont in the othor. As my obsouvations have 
heen ospocially directod Lo thoso bridgos whore tho stucco 
had boon finishod, and tho surfaco of which would 
nocossarily oxhibit tho smallest possible dofect," I may 


* With the exception of the bridges, which wore built at tho 
commencement of the works, viz, those at Kunkhul, Jowallapoor, 
Munglour, Liburheri, Togulpoor, Dimat, Baiha, and Bhopa, to which 
cither ghats or flanks were bere sruee'f added, the bridge arch aluis 
contrically upon a long line of wall, which extends to a considerable 
distance both up and down-siicam on cach side of the arch. ‘The face 
of this wall is perfectly smooth and even ; so that were the thrust of 
the arch to affect its abutment, action on the face of the wall would be 
inevitable, and could not escape detection, In a settlement that took 
place in the Dhunowri Road Bridge, tho sottloment was marked by a 
separation of the wall on the up-stream side, a short way above the 
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vomatk that the casos whero I havo obscrved traces of 
action on parts of tho building in tho rogion of tho skow- 
backs are exceedingly rare, and of a natuvo leading to 
gveat doubt as to their ofigin. 

In tho instancos of the Dukhori and Surai bridges, 
which come-under tho head of Class IIL, whoro tho 
building material is of old native brick, tho insido of tho 
towing-path passages next to the watorway showed 
slight traces of action in » horizontal soparation of tho 
plaster at a point just above or corfesponding with tho 
extrados of tho main arch and its impost block; tho 
separation was sufficiently distinct to attract my attention, 
but the traco was oxccedingly small, and confined to tho 
passage itself. Tvidonce appeared to bo offered hore of 
the thrust of the arch having affected the masonry. 

Tn a case of a single arched bridgo of 80 feot span, 
Class No. V., at the village of Barra, similar horizontal 
separations took place in both the side passages, oxtending 
more or less over the extrados of their arches; in ,this 
caso the separalions wero more distinct than in thoso 
before described, although they wero ontirely confinod to 
the rogion of the passages thomselvos: hero, howovor, 
the soffit of tho main arch showed a hair lino distinguish- 
able on the stucco, distinctly continuous, but not iracoablo 
beyond the intrados. Evidence of action was hore again 
manifest, and tho trace on the soffit of tho main arch 
was in all probability dopendent on the aclion oxhibited 
on the side passages. 

Tn all these cases the defect may have arisen from tho 
quality of the masonry. The very questionablo naturo of 
the cement used at the Barra Bridgo, ond the um- 
questionable thickness of tho seams, much acted on by 


point where the arch abutted on it. In no other case amongst tho 
numerous bridges which haye been built on these works hag this action 
been in the slightest degree shown. 
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salls, appeared’ to mo to account for tho soparation 
described at the Barra Bridge. 

Tho soil in which the foundations of the three arched 
bridges at Dukhori and Surai whore laid was sand ; that 
at Barra was sand also. No abutment sinking or dis- 
arrangement could have taken place from tho reasons 
stated in the foregoing note; and although it is possiblo 
that the contre piers of the threo arched bridges may 
havo sottled, there is no evidénco of such haying oc- 
curred, 

Tho actual vertical sottloment, of tho substructure of 
the bridges extending from Roorkeo to the 110th mile, is 
by no moans an impossibility. It universally rests on 
sand, and in somo casos, as it will be obsorved by ro- 
ference to tho plans, is bolow the natural spring: levol 
surface, Traces of such sottlement could not, howevor, 
escape detection. 

With regard to the second point, or “ tho comprossi- 
bility of the matorial of which tho abutmonts and sub- 
sliuciure are composed,” in how far tho sottloment of 
arches may act on tho skow-backs, it is not vory casy to 
devido; but it is cloav that compressibility in that rogion 
mus depend ontiroly on tho nature of tho masonry. 
Whore this is of brick compactly laid in with narrow 
souns and joints of mortar, and allowod porfoctly to 
indurato, tho masonry must be proof against any forco 
that archos of our dimonsious could oxerl upon it, On 
tho othor hand, whon tho masonry consists of badly-put- 
together brickwork, or of kunkur oithor of inforior quality 
or of unevenly squared blocks, in which casos tho joints 
ave necessarily cither largo or imporfoctly filled with 
mortar, the compression of the material is by no moans 
an impossibility. If to tho sbovo ovils, a want of 
induration is added, tho tlrust exorted by an arch 
would inevitably affect tho abutment. At ono poriod of 

VOL. It. . oy 
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our bridge building, kunkur was usod in tho impost 
blocks, and tho whole thrust of the arch was oxorled 
on masonry made of this material. This was corrected 
afterwards, and the best brick masonry was substituicd 
for that of kunkur; the use of tho latter being confined 
to those parls of the work on which a dead vortical 
weight was oxcrted. Tho chango was mado from tho 
possibility of kunkur impost blocks being liablo to com- 
pression from the causes which I ,havo before oun- 
merated; but there is no ovidence of their ovor haying 
acted injuriously, or of sottlement to the arch having 
taken place from their use. 

if the masonry, whethor of kunkur or of brick, of 
the’ bridges above described, was laid in with all the 
care that it ought to be, and which, to the best of my 
belief, it has been in all occasions; comprossibility, 
although sufficiently activo on tho arch itself on tho 
removal of the centcrings, and up to the period of the 
induration of the cement with which it is built, could 
not have extraordinary influence on the yost of the 
building. 

Tho third and final question to bo considered is, 
“the slipping of the horizontal courses of masonry.” 
In tho northern division of the works, where stone limo 
and soorkce as a compound aro used for tho purposes 
of mortar; and even whore tho carth limo, which I havo 
elsewhere referred to as of a vory suporior quality, has 
taken the placo of stone lime; tho ovil to whieh I am 
now addressing myself is ono that can hardly bo anti- 
cipated: cortainly only in casos where the thrust of 
the arch has boon brought to bear on an imporfoctly 
indurated mass; and such, from the poriod to which the 
substructurc has been invariably allowed to stand pyro- 
viously to the fixing of tho centorings, has not boon tho 
caso with the lnowledgo of tho supervising establishmont. 
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In the southorn or lower divisions, tho lime is not equal 
in quality to that which is used above; and in some 
cases, from tho coarsenoss of tho ingrodionts which have 
been mixed with it, especially tho bujreo or fino kukur 
gravel, the thickness of the scams oxposos tho coursos 
of brick or kunkur to greater chances of slipping than 
would havo beon the caso had the mortar been of a fino 
consistoney, or had tho seams been thinner. In a case 
of careless building by 2 contractor, wo had an oxhibition 
of this evil; but with this exception in which the arch 
fell, as will bo dosevibed horoafier, no bridgo that has 
been built shows the smallest sign of action from the 
slipping of the courses of the masonry. I confess, how- 
ever, that had I beon prepared for the thickness of seam 
that has in somo cases shown itsolf from the uso of coarse 
mortar, I should not have placed the towing-path passago 
in such close proximity 40 tho waterway. It ig from this 
contingency of bad bricklaying, and not from any objoc- 
tion-to tho design otherwise, that T have recommonded, 
aga gonoral rulo, that tho towing-path passage and tho 
watorway of tho bridgo should bo soparated by a distanco 
of 2 foot plus tho width botwcen tho waterway and the 
point of intorsoction botwoon a tangent to tho oxtrados of 
the main arch and tho flooring of tho passage. 

In tho construction of the numerous bridgos which 
has taken place during tho last six yoars, under all sorts 
of contingoncies, it is gratifying to find that in two 
cases only accidents havo happened. Both of these 
cases show, in a romarkablo dogres, the evils of innt- 
tention to the proper uso of mortar in scams, and are 
curiously illustrative of tho quostions discussed in tho 
foregoing paragraphs. The two exceptions to which I 
refer tools place in tho building of the Dimat and tho 
Bhosan bridgos; the former undor Class I., and situatod 
al the 82nd milo of the main trunk; the Iatler under 

r2 
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Class V., ab tho 146th milo of the Cawnpoor Terminal 
line. 

In the first caso, tho arches, 65 foot span, wore built 
on timber centerings with material of the yory best 
description, and undor’tho oyo of an assisiant oxccntivo 
officer. The arches wore keyed as usual, and tho procoss 
of siviking the centerings commenced. So great was tho 
quantity of mortar used, that tho archos literally followed 
the centerings in their gradual doprossion; and had tho 
timber work been entirely removed, would have fallon to 
the ground. This was provented by their resting on tho 
framework, After the deprossion had proceeded to an 
extravagant extent, the masonry was pulled to pioces. 
At tho poriod when this occurred T was too far off to visit 
the spot, but I directed the assemblage of ongincor officors 
in committee to report on tho causes of failure. Tho 
president’s report is sufficiently interesting to givo it 
admission into the Appendix, whero it will bo found 
marked KX. 

The results were atrived at without demurror; the 
abutments were sound, and not digarranged in tho 
slightest degree. Tho accidont had ocenrred simply trom 
an over-abundant use of mortar in laying in tho cowrsos 
of brickwork in the arch. 

The second example occurred in » small single archod 
bridge with a span of 80 foct, tho only bridge on tho 
Ganges Canal works that had beon entrusted by an 
executive engincer to a contractor. The contractor, how- 
ever, was overlooked by a nativo sub-agsistant civil 
engineer, In this caso, immodiatoly tho contering was 
removed, the left impost block with its suporstructure 
and towing-path passago in its rear, slipped away, and the 
arch fell to the ground. This was a direct and w- 
mistakeablo case of ‘slipping of horizontal coursos of 
masonry.” Tho abutment below the slipping surfaco 
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was uninjured, and (as this was an especial part of tho 
inquivy) I may observo that no frace of yiolding or action 
upon il in the slightest dogreo could be discovered. On 
examining the causes of this accident, it appoared that 
that part of tho abutment on which tho impost block 
rested, was lilorally mado of rubbish. Tho executive 
engineer of tho division reported, “Tho causo, as it 
appeared to me, of this accident, was sololy the vory bad 
quality of tho masonry in the backing of the arch, and 
in the great quantity of mortar used, and in tho very 
inferior quality of this mortar.” It appoared that this 
contractor had only built the arches and skow-backs, the 
substructure having beon completed by the sub-assistant 
civil engineer. In addition to the contractor's bad work, 
as leading to the failure above described, the masonry 
had not becn allowed a sufficiont time for induration. 

The bridgo at Bhosan is ono of a series built undor 
great difficulties of resourecs, and a want of matorial 
which placed the exccutivo ongincor al his wits’ ond, 
Tho abutment walls of the bridge in question hayo no 
countorforts in thoi roar; thoy rest upon tho virgin soil, 
which in all this part of tho canal is of tho compnet and 
rolontivo nature that I have bofore deseribod it to bo. 
Diagram 117, fig. 2, of this chaptor, is an oxact vopreson~ 
tation of a section of these abutments, showing tho 
position of the towing-path passago, in the prosent cage 
unsupported by masonry walls, but imbedded in a soil, 
I should say, as incompressible as masonry. 

It is perfectly cvidont, that the valuo of this mothod 
of construction and design dopends ontirely upon tho 
abulmont being placed in close approximation and in 
direct contact with the virgin soil; and that if a hair’s 
breadth of space is left betwoon them, tho abutment 
becomes isolated, and is no longor in dopondonce upon 
one of its elements of support. Again, in making 
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excavations for foundation walls, the masonry must rest 
‘upon the virgin soil. Mxcoss of oxcavation refilled by 
loose earth so as to bring the cubie content of work built 
on ® par with that gf tho ostimato, is, if anything, moro 
dangerous and detrimental to the stability of a slrncture 
than that before alluded to. Yel in works undor tho 
management of European overseers, I have had vopoatedly 
to notice cases in which both the above orrors had boon 
committed. In closing this section, thoroforo, and it 
addressing myself to men of the above class, I shall 
repeat, in the words of one of my circulars! ‘1 would 
here draw attention to the necessity in oxcavating 
foundations, to dig the earth ag closcly as possible to tho 
true dimensions of either foundation wall, abutment, or 
retaining wall that comes in contact with it, If a 
nuvrow space is left between an abutment and tho soil, 
the former becomes isolated, and derives no sort of bone- 
fit from a contact which is intended to bo its safoguard. 
For instance, taking the following diagram of the abut- 
ment of a bridge: if the space marked in shade is lott 


Diagram 118, 
Atoh, 


Surfaeo of Laith, —-—— 


Natural Soll. 


Floouing. 





hollow, or only loosely filled with carth, the masonry 
derives no aid whatever from tho soil, and the abuimont 
loses all the advantage in its opposition to tho thrust of 
the arch which it ought proporly to dorivo from boing 
backed by o rigid mass. ‘This hollow spaco ought in 
no instance to be allowod; and if tho oxcavalion is 
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groator than the width of tho abuimont, tho wholo of 
tho spaco excavated ought to bo filled with masonry.” 

“Tho same romark applies to dopth of excavation for 
foundations: whoro this has been carried tooxcess, thowholo 
ought to be filled in with masonry ; to uso loose or impor- 
foctly rammed carth is tantamount to ruining a building,” 

“Tho uso of abundance of water in kunkuy or brick- 
laying, is as indisponsablo to tho goodness of work, ag 
thinness of seams of mortar, and thinnoss of plaster, to its 
durability.” 

In concluding this chaptor, I may obsorvo that it hag 
been an object in all tho designs of bridges, as woll as of 
works in gonoral which are connected with the canal 
channel, to accompany them by means of access to the 
wator, In casos whero revotments aro required, such 
rovetments have beon commonly designed in the form of 
ghats. Rajbuha hoads aro universally protected in front 
by lines of: this species of stepped revetment, andsto the 
whole of tho bridges, with vory fow oxccptions, ghals ox 
flights of stops have been *attached, At those bridgos 
which avo crossed by tho leading and high military roads 
of tho country, or at thogo which aro situnicd noar largo 
towns, or loading places of resort, very oxtondod linos of 
ghat have beon gpponded, so that ivavollers and forcignors 
who como in contact with tho works of the Gangos 
Canal, may appreciate an undortaking which hag boen 
designed for tho bonefit of the gonoral community, as well 
as for that of the agricultural population in its neighbour- 
hood, In dosigning tho ghats, whother at bridges or 
olsewhero, my intention has beon to opon thom to tho 
free and unimpeded use of all, whethor travellers, or vil- 
lage peoplo, to whom thoy will offer tho greatest of all 
luxuries in an Indian climate—bathing; and to tho 
Tlindoo population tho groatest of all possiblo advantages 
in this world—accoss to Gunga Mai. 
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Coarrer TV, 


WORKS OF ACCOMMODATION. 


Tue object of these buildings is to provido accommo- 
dation to the supervising officers in thoir progress of 
inspection, and to the establishment in chargo of the 
works, the watercourse heads, and the irrigation. 

They have been designed on plans which ave figurod 
in Platos LIV. and LV. of the Atlas, and consist of two 
species of buildings, which are donominatod first and 
second class “ chokies,” or in plain English, ‘“station- 
posts.” ‘ 

The first class chokies havo a centre room 20 fodt 
square, with an enclosed véranda round it of 10 foot 
in width, the voranda being divided off into rooms, 
with porches, on two sides which opon into the centro, 
with which a room on the third sido is connected, On the 
fourth side a soparate room is devoted to tho accommo- 
dation of a subordinate, in the event of tho centro room 
being occupicd by the suporior officer. Tho rost of tho 
veranda accommodation is for the purpose of stovo- 
rooms and places of residence for tho canal native esta- 
blishment. 

The second class chokics aro similar buildings, without 
the veranda, or outer cnelosuro: their dimensions, pro- 
perly speaking, wero designed at 18 foot square, on 
which they have generally been built. In somo casos, 
however, this has been reduced to 18’ x 14’, and in others 
increased to 20 foel rquare, tho latter in casos whero tho 
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atiachmont of an outer veranda, so as to convert the 
building into one of the first, zlass, has boen contem- 
plated. These buildings are for the residonco of tho 
chokidars and native establishment, and for tho pro- 
tection of tools and stores. 

Tho whole of theso buildings, whothor first or second 

class, havo flat roofs; tho object having been to avoid, 
as far as possible, tho contingencics of fire, to which 
thatched roofs are liable. They are, with few exceptions, 
built of rofuso matorial; that is to say, of tho half burnt 
bricks which romain in kilng aftor the works directly con- 
nected with the canal channel had been completed. The 
comonting ingredient is mud. Both externally and intor- 
nally, however, they are stuccocd or plasterod with lime 
coment, In the languago of the department of public 
works in thoso provinces, they aro built of kucha 
pukka,” brick and mud, tho brick being what is called 
*poela,” ox half burnod. 
“ 'Thoir position relatively to the works is uniform ; 
this is on the lofl or voadtvay bank, on the up-stream 
dide of bridges; at a distance from the odgo of tho water 
of not loss than 100 foot, and from the bridge ramp not 
loss than 100, or more than 800 foot. Their floorings 
aro well raised from tho surface of tho carth, in no cago 
loss than 1 foot; and in the southem divisions, whore tho 
country is flat, as woll ag in othor parts of tho canal 
whore dampnegs is a characteristic of the country, tho 
plinths of the chokics have beon laid on a lovel with thoso 
of the pillars and parapets of the bridges to which thoy 
are attached. As a gonoral rule, these chokics aro woll 
raised, and the accommodation is froo from all the incon- 
vonicncos Lo which similar buildings have beon subjected 
on the Jumna canals, from the want of clevation. 

Tn cases where first class chokies have been built in 
connoction with falls and locks, their situation is centrical 
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between the main and navigablo canals, and on tho up- 
stream side of the road that connects the bridges which 
have beon built over the works. 

The general position of theso buildings has beon 
determined with reference to the supervision of tho 
vajbuha or water-courso hoads in thoir immodiato 
vicinity. Their position volatively 10 tho bridyo, vis, 
on its up-siream side, has boon selectod, that advantngo 
might be taken of the provalont direction of tho winds, 
which during the dry season would act in carrying tho 
dust from tho bridgo ramps away from the choki, instead 
of towards it. A consideration of no liltle importance to 
the convenience and comfort of the residents in tho choki. 

The first class chokios havo been built all the way 
down the line of the canal and its branches, at distances 
of about 12 miles, or varying from 12 to 15 milos apart. 
The specific object for which they havo been built, and on 
which their distances from cach other have been 
determined, is to keep up an open line of communicd- 
tion from one end of the works to tho other. ‘To afford 
the means at all seasons of the yoar, for cither inspecting 
or execntive officers, to visit at tho shortlost notico any 
point of the works which requiro his prosenco, and to 
relieve both the Government, and tho suporvising osla- 
blishment from tho ovils and inconvoniencos which, during 
the rainy months, might arise from difficulties in mavehing 
and moving, were no accommodation of this sort providod. 

With the above object in viow, it will be clear that 
those buildings are not intended as private residences, or 
for the occupation of the European mombors of tho 
establishmont beyond limited periods. Pormanont rogi- 
dence, or occupation for longthencd periods, would 
evidently defeat the object for which tho buildingy have 
been erected. Tho chain of open posts, by which tho 
maintenance of a connected lino is contemplated, would 
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no longer oxist, were even ono of theso buildings oceupiod 
by a family, or by an individual whether connected with 
tho canal establishment or not. Considoring that, the 
purposes for which the Government has been advised to 
orect these buildings, avo ontircly of a specific nature, the 
convorsion of tho accommodation which thoy provide 10 
objects foreign to tho intention on which thoy wero built, 
can hardly be too vigorously protosied against. Tho 
rulo that has beon usually obsorved on the Jumna canals 
with referonco to choki occupation, is that tho parts of 
the building which aro oxpressly intended for the 
commissioned and non-commissioned staff, should be 
rvesorved for their accommodation; but that, in the 
absence of the former, tho non-commissioned staff may 
use that part of the building which is intended for the 
superior grado, on cortain conditions, solely apportaining 
to protection of property and cleanliness of occupation. 
Juniors in: cilhor grado aro supposed to give way to 
soniors; and unloss under specific orders in writing, no 
individual is oxpectod to hold residence beyond two days. 
Tn ovory cago it is oxpoctod, moreovor, that people who 
tako advantage of tho accommodation, should considor 
thomsolves answorablo for tho property: for tho glass in 
tho windows, and for tho gonoral prosorvation from 
injury of tho houso and its appendagos, 

The cago is ono, howovor, upon which it is impossible 
to lay down determinato rules. Hoavy vopairs during a 
period of the year when a Européan is called npon to 
move out to a distant choki, may detain him for an 
indefinite period as a resident in one of theso buildings. 
In such a caso, tho building could hardly bo considercd 
as tuned from its legitimate uses. Tixcess of work on 
mattors connected with rovenuo, might detain eithor the 
divoctor or any of the executives, for an oqually indefinito 
time at ono of these chokies. Undor such circumstances 
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a continued occupation would bo porfoctly fair. Tho 
object being understood, it appoars to me, to bo sufficient 
to carry it ont according to its true spirit, ubiding, as far 
as possiblo, by written rules which, emanating from tho 
directory’ officc, would bo the codo for gonoral gnidanes., 

These rules ought to bo hung up, both in tho contre 
yoom, and in that ono in the verdnda occupied by tho 
non-commissioned staff, of every first class choki; and 
the chokidar or chuprassi in charge ought to be mado 
responsible for the furniture, glass, doors, windows, and. 
the state of tho building genorally; reporting the datos 
of arrival and departure of every person who occupies the 
building; and noting the way in which tho proporty has 
been treated. Unless stringent rulos aro laid down for 
the prevention of injury, not only to the glass, furniture, 
and woodwork, but to the stucco and walls of the building 
(laying aside the carelessness and indifforonce with which 
Government property is treated, in somo instances, by 
people who ought to Imow bottler), the sorvants attachud 
to our establishments, whethor private or public, aro 
frequently the cause of a wanton dostruction to property, 
when such property doos not belong to their mastors, 
Tt is nocessary to prevent this, and it can only bo 
prevented by active legislation. 

Tho ground in the neighbourhood of thoso first-class 
chokies ought to be kept in order, cloan, noat, and froo 
from deformities of any doseription, .Abovo all things 
its drainago ought to be properly attended to, full con- 
veniences being provided in tho inlot which is altuchod 
to the bridge works, and which is situated in tho choki 
yard. In all casos, howovor, I would look upon this 
inlet ag a secondgry means of reliof. If possible, adven- 
tage ought to be taken of tho natural slopes ‘of tho 
country, and a spacious channel ought to bo excavated, 
so as to carry the drainage wator, not only away from tho 
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choki yard, but away from tho canal altogother. It will 
be understood from what I have said clsowhore in these 
pages, that tho object of the inlot which is attached to 
bridgos, is to veliove the country from tho wator collected 
by the intorposition of the ramps of tho bridgo, and by 
their intorferonco with tho drainage of the country. 

Tho mangoo graft plantations, which nro intended 
to bo appendages to every first class choki, may bo tho 
means of adding greatly to their convenience, as well 
as to their appearance. Under an officer who takes 
an interest in the ordor in which his division is con- 
ducted, and in the stato in which his building ond 
their dependonciés are maintained, the first class cho- 
kies, and their appended plantations, may become most 
desirablo placos of resort, In exemplification of which 
Tcould point out stations on tho Rastorn Jumna Canal, 
_ostablished by Mr. Deputy Superintendent Brew of tho 
Canal Department ; which, without any additional outlay, 
mad morely from that natural attention which is do- 
rived from tho possession of a large developmont of the 
organ of ordor, aro cqual in noatnoss and tidincss to the 
most carefully watched private proporty. 

Tho avoa of ground apportaining to a first class choki 
is oqual to about four acres, 

Tho second class chokios are, with a fow exceptional 
casos (dopendent on the absence of rajbuha hoads), built 
ab overy bridgo on tho lino of tho canal and branchos. 
Thoir position is similar to that of the first class chokics ; 
and the elevation of their floorings above the lovol of tho 
country has been fixed on tho same rules that guided me 
in tho larger buildings. Thoso chokies aro expressly for 
tho accommodation of tho chokidars in charge of the 
irrigation, as well as for the tools and glores of which 
there are depdts at every post; tho main ones being at 
tho first-class chokies, and the subordinate onos under 
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charge of the chokidars at tho buildings now under roviow. 
Independontly of tho control of tho irrigation, tho works 
in the immediate neighbourhood aro under tho charge of 
the chokidars, and the position of tho building rolatively 
to the different works, with the means of cross-communi- 
cation afforded by tho bridgos, givo him ovory facility of 
access to both sides of tho canal, and, consoquontly, tho 
best means of supervision. 

To the second class chokios situatod above tho 
Nanoon fork no separate ground is altachod. Thoir silo 
is within tho canal boundary, and their limits avo marked 
by tho boundary ditch. Below tho Nanoon fork, and on 
both the Cawnpoor and Htawah tormindl lines, where tho 
canal boundary is more limited in extent, oxtya ground 
has beon taken in, so as to regulate the position of the 
chokies, with reforence to the bridges, agrecably to tho 
rules before described. 

I have described the chokies ag buili of “kucha 
pukka,” or of half-burmed and refuso bricks with mud, 
This method of construction originated in tho Jumna 
Canal works, and was adopted with a viow to economy. 
Jé was porpotuated on the samo grounds in the works of 
the Ganges Canal; where, in addition to any advantage 
that might be derived from tho moasuro as ono of 
economy, tho demand for woll-bunt bricks was 80 grout, 
and in many situations the difficultios of’ procuring thom 
in sufficient abundance for tho works that had nocossarily 
to be built with the very best material, was so notorious, 
that the cxocutive officers wero put to ovory dovisnhle 
shift to procure matorial at all. In devoting tho poola or 
half-burned bricks to the building of chokics, thorofore, 
we adopted a plan that oxpedited the complotion of those 
buildings, and at tho same time disposed of a spocios of 
matorial thet would otherwise have boon ugologs, ox ab any 
rate have been a dead loss to tho Matoxial Department, 
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Tho ostimate of 1850 for chokies built on tho main 
line, and the two branchos into which it is divided at 
Nanoon, with tho material above doscribed, is in itself a 
very largo item. The total amount called for, for the 
construction of buildings of this sort, including both those 
of tho first and socond class, was as follows :— 


Rg. AL OB 
1st Division . ‘ » W445 4 1 
andy, . . + 18841 3 3 
Bd ye VT TOS 

Total cost of chokics on the main canal ‘ . 44,408 2 9 
Cawnpoor Branch . . 88,828 8 11 
Ttawah i ‘ + 43,186 14 2 

Total cost of chokics on the branches < . 81,465 7 1 


. Grand total on the main canal and fork lines —-. 125,873 9 10 


At tho period whon the aboyo estimate was drawn up, 
tho ovil of using the half-burnt brick in that part of tho 
building which was in connoxion with tho soil, and liable, 
thorofore, to tho effocis of moisture, had beon prominently 
brought to notico, throughout tho wholo oxtont of the 
canal, In thogo districis lying 40 the south, where the 
soil was impregnated with tho reh or alkali to which I 
havo bofovo alluded, and where tho bricks which had been 
mado of this soil wore of a vory uncerinin quality, tho 
matorial had so ‘completely failed, not only by the attacks 
of moisturo, but oven by tho mere weathering of climato, 
that as far ag tho foundations, or that part of the 
building 1erminating on the plinth or flooring, was 
concerned, it had been determined in all cases where 
such could be dono, to use a botter description of 
material, and to roject the refuse or peela brick entircly. 
This, although a good determination in itsclf, was not 
brought into practice until the groator number of the 
buildings had been complotod, and even then in somo, 
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cases, the absence of good brick nocossitated tho 
executive officer to yeeur to the uso of tho inforior 
material. ‘Lattorly, howover, tho use of tho half-burned 
or refuse brick has been confined ay much as possible to 
the superstructure. 

With rogard to tho uso of mud as a comonting 
ingrodient, tho defects appear to mo to bo groat, and 
necessarily increasing in proportion to tho thicknogs of 
the seams; to the quantity of comont used; and con- 
sequently to the sizo of the brick, and to tho caro with 
which the brick-laying is executed. Lime comont indu- 
rates, and is not liable to the offects of pressure aftor 
this induration has once taken placo. Mud comont, on 
the contrary, although it hardons in dry weathor, gots 
soft in the wat, and during that poriod of the yoar whon 
the rain is continuous, and when overything exposed to 
its influence is affected by moisturo; tho mud comont in 
imbibing this moisture, becomes liable to tho action of 
superincumbent pressure, which must tend greatly to tho 
disarrengement of high walls, especially when such walls 
have the weight of a roof upon thom. ‘The consequences 
of this digarrangement aro oxhibited in unequal sottle- 
mont of the walls, in tho action of doorway archos mpou 
their impost blocks, and in a destruction to tho intogrity 
of the roof. Choap, thorofore, as buildings may bo, 
when constructed on tho kucha pukka ptineiplo, thoy aro 
undoubtedly subject to the abovo ovils; and although in 
nine cases out of ton, careful supervision and tho uso of 
the large class of brick veduec theso evils to w ininimum, 
they must always bo impending ovor a building, whoro 
the material in all its parts is not rigid. 

I have in the following cases substitutod limo for 
mud coment, at a very considorablo excoss of cost, but, 
with a view of testing tho valuo of this original outlay 
with that avising from the constant repairs to which tho 
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kucha pukka buildings ave liable. In tho third division 
the following first-class chokios aro built with lime 








coment :— . 
Materiat, | Biatotia, 
Cstimated Cost, __|Position of Ist Class act! Actuni Cost, 
Mul Comont, Chokt Lime Comont, 


Jownda- | Supe- 
tions fatiuctine, 


Tounda-} Supe- 
tions, [slinetme 











ca a Ce 
‘ ? Peela | Peela .f | Puldea | Pukka 
Lae 5 af Buieks,| Buseck, [seen Brick, Buel. 1718 411 
Moonda Pukka | Puleka i 
TAB Geo { » ” } Iehors Bricks | Bricks, {29% 6 8 
>, 
1,416 5 af 5 ts { icustmpoor } ook | eae f 1,720 M9 


| 
Those station posts wore built in the cold woather 
of 1851~52. 
Tn the Etawah branch, the following buildings havo 
becn constructed on tho samo principle :— 















Material 
Position of Istand| Actnal Cost, 


2nd Class Chokt Linic Comont, 
Tounda-} Supu- 


Matctinl. 
Tatimated Coat, 


. Mud Cement, 








Tounila- 





Super 


flons, fst uctine tions, [afuctie 
Moo OD, : ‘ eA 
1,958 6 af Rane poole \ Puteckra { (Kunkcur} peer } 2,044 M0 
801 18 6 a ” Koosiarri ” ” 472 211 
36113 6 . ” Jaohya ” ” 621 4 8 
36118 6 ” » Jownpoor » ” 488 10 2 





3,013 18 9 | Total. Total. | 4,026 165 9 











Tt will bo obsorvod that in tho Etawah torminal lino, 
kunkur has boon used in somo cases in the foundations 
only, in others in the wholo building, Tho appearance 
of the chokios built with kunkur is exceedingly good. Tho 
colour is cold, but it harmonizos with tho hot weathor 
feolings arising from an Indian climate. Where this 
matorial has boon used in tho superstructure, stucco has 
beon laid aside. 4 

A comparison between tho estimated and actual cost 
of tho buildings abovo specified, as shown by tho tables, 

VOL. II. U 
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will give a cluo to the amount of original outlay that the 
use of lime would have cntailed on tho Government. 
Whether such an outlay would have boon warranted, is a 
question that must bo tesied heroaftor, by tho resulis of 
the annual repairs of tho buildings constructed on tho 
different systems, the excess of cost in the one being 
taken into consideration. 

It would appear from the above tablos, that to havo 
constructéd the whole of tho chokies with limo coment 
instead of mud, the exccss of cost would havo boon as 
follows :— 


In My, Volk’s division :— 
Mean, Nxcess. 


RS. ALP. RS. AP. Rs. A.B, Re, ALP, RA, Ay De 
AgialG 64 : 14,621 115 +: 171098 + 17,6541 4 = 3,08! 6 11 


In Captain Whiting’s division -— 


RS. ALP. RS, A. PB nS. A.D RB. ALT, Ra Ae Po 
Ag 3,043 13 9 : 48,196 If 2 3: 4,026 16 9 + 5700072 = 1393290 


The cost of kucha pukka ag used in‘ tho choki 
buildings varies considerably, the maximum and mini- 
mum rates of each division being as follows :— 


RS AL DP 
1st Division, maximum 12 0 0 per 100 cubic fect. 
» minimum 7 8 0 ” ” 
2nd, maximum 8 1 9 ” n 
» Minimum 518 8 Py i 
8rd, = maximum 9 0 1 4 
» Minimum 4 4 8% > 44s 
: on 
4th *,, ecimum 10 410 i a { mg Nick. 
» minimum 5 0 7 ” ” 
: Paith 
5th mage eA! y ” { Puta Brick. 
” minimum 6 8 $ " n 


Wherever well-burned bricks havo boon used, a noto 
to that offect has been made opposite tho rato. ‘This 
is a circumstance, to which, in drawing comparisons, 
most especial attention is required, tho cost of well- 
burned, brick varying from 6 to 16 rupees por thousand, 
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whereas the cost of the peela, or rofuse ones, is only 
2 rupees 8 annas per thousand. 

In conclusion, I may observe that in the course of 
progross, improyemonts, and in somo cases additions, 
have boon made to the first-class buildings. In all the 
divisions, excepting the second, the yoranda roofs hava 
boon raised an additional foot, with tho object of 
improving the accommodation, and making the rooms 
cooler. In some casos, and I much rogret that it has 
not beon done in all, a staircase has been made from the 
floor to the roof, so as to givo casy accoss for repairs, and 
during hot weather the means of approach to the uppor 
terraces, the clovation of which affords a very agroeablo 
and airy promenade during the closo and sultry evenings 
of the hot weather. 

In tho second division, or that extonding from tho 
94th to tho 110th mile, the chokics have bcen con- 
structod procisely on tho same design as regards clova- 
tion as that originally cstimated for. As a set-off, 
howover, against tho oconomy of not raising tho voranda 
roofs, a8 hag boen done elsowhoroe, tho oxceutive cngincor 
hag built 10 cach first-class choki a vango of flat-roofod 
out-houses, containing five rooms of 10’ x 8’ cach. 
Tho object of theso buildings is to provont cithor tho 
European or nativo ostablishmont from disfiguring tho 
noighbourhood of the choki with huts and tomporary 
buildings, the croction of which is in all cases pro- 
hibitod. During tho progress of the works—and it ig 
during this period that the whole of my directorship 
hag becn passed—it has been found necessary to allow 
the construction of temporary huts for tho accommoda- 
tion not only of tho labourers, but of tho supervising 
establishment. Our first-class chokies have, in many 
casos, been built at points far ahoad of the oxcavation 
and works in progress, so as to ach as nuelci and hoad- 

u 2 
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quarter stations to the establishment, both European and 
native, in charge of the advanced work. These arrango- 
ments, necessary as they were ab tho timo, are no longer 
required, and the lnts in question onght to be summarily 
removed. It appears to me to be so desivable that tho 
ground in the ueighbourliood of these chokies should 
be maintained in a neat and ordorly stato, that if the 
plan adopted in the second division of having a range of 
out-offices attached to each building be ono leading to such 
© consimmation, I world strongly advocate its extension 
throughout tho whole of the works. 
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Cnartrn V. 
WORKS OF NAVIGATION. 


Tus chaptor is divided into three sections :— 


I, Navigable channels. 
Il. Navigable heads. 
TL. Navigable locks. 


TI shall, however, revicw thom under ono head, as 
they are too intimately connected with cach other to 
admit of convenient separation. 

In considering the term Navigable canal, in its 
adecepted signification, viz., 2 channel with no current to 
impede or delay tho passage of craft, and with tho lovols 
completed in a sorics of still, or nearly still resorvoirs ; 
tho canals in those provinces hold no claim to any con- 
sideration, nox would works constructod on such designs 
cithor be consistent with tho objects in view, nor bo 
beneficial to the cultivators for irrigation. 

There is a medium, however, in which both objects 
may be gained. Wo may disposo of tho eurrent on a 
vegimen capable of counteracting the evils to be expected 
from weeds, which, either in a tropical, or somi-tropical 
climate, would inevitably attend upon still water; and wo 
may, by lockage arrangements attached to the masonry 
descents, provide ample moans for the passage of boats. 

The Ganges Canal works, which are specifically for 
irrigation, come in a groat moasure under tho abovo 
category. The channel is, on its open course, applicuble 
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in every way to the passage of boats; tho intexruptions 
to this open channel, which aro caused by the masonry 
descents, are counteracted by lines of safo and commo- 
ious transit, which, being carried in a cirenitous diroc- 
tion, and at considerable distance from the main canal, 
ave placed out of the influenco of tho rapids. On theso 
cirouitous lines the difference of levol is gained by lockago, 
and cvery convenience is afforded to tho passage of craft, 
both in facilitating its progress, and in providing for its 
security,.* 

As 9 navigable line, undor the restrictions which tho 
more important objects of irrigation impose upon it, tho 
Ganges Canal will afford the means of wator-carriago 
from the point where the main river leaves the moun- 
tains, through the heart of the Northern Doab. It will, by 
regaining its parent stream at Cawnpoor, offer a compact 
and safe line of transit, to the avoidance of the shoals 
and rapids which ave the chavactoristic featuro of tho 
main river. By its junction with tho Jumna, near 
Humeerpoor and Kalpi, 2 new link will bo provided to 
the water-carriage of the country; and as I havo xo0- 
marked olsowhoro, its relative position to all tho rivors 
that 11m parallel to it, provides tho moans of still farthor 
extending its usefulness, by tho adaptation of lockad 

* When the falls for vegulating the levels of the bed were con- 
structed on the Eastern Jumna Canal, the chamber on tho lef sido was 
fitted with gates for the purpése of lockage. ‘The plan was inexpensive, 
attended by no interference with the object for which the falls were 
built; and it demanded the mera application of upper and lower gates, 
which, if required elsewhere, might easily bo removed. With the exeep- 
tion, however, of the locks in the southern division, where the hody of 
water was compaatively small, and whee the working of them was 
under the eye of one of our beet overseers, none of these locks have 
been used. The danger arising from the proximity of the lock channel 
to the open overfalls, and the fear of being engulfed in tha latter, nay 
possibly be the cause of the non-ncceptance of the Kastern Jumna 
Canal as a line of water carriage, ‘The remedy, if this is the cnso, is 


by a side channel, as adopted on the Ganges Canal works abovo 
described, 
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channels, and by thoiry means connecting tho inland 
towns or commercial marts with the navigable rivers. 

I havo drawn attention to a navigable branch that 
might be constructed from the main canal near Morad- 
nugeur to tho Hindun River; as woll as to ono that 
wight be taken from tho Bolundshuhur branch, vid 
Bolaspoor, to the Jumna River. Both thoso lines would 
veach the Jumna at points noarly identical, tho formor 
having the disadvantage of having had to navigate the 
tortuous course of tho Hindun River; tho latter having 
been altogother confined to artificial, and, thoroforo, 
compact lines. Both of them open out now lines of 
country to which the moans of water-carriago would be 
accoptable; and both of thom, thorefore, are porhaps 
worthy of considoration. By looking at the map, how- 
over, it will be ovidont that thoro is no limit to the 
means provided for the adaptation of the canal to water 
roads, and- 40 their being linked on to tho sido rivers. 
Tho rajbuhas, oven in thomsclves, will, I doubt not, 
become tho medium of providing tho inland villages 
with hill produce, ospeciully with the smaller class of 
rafter for house building, which is now unatininablo from 
tho cost of land carriage. 

Bofore ontering upon the detail of construction and 
dosign of tho differont works to which this chaptor is 
dovoted, it will bo necessary to explain the ospecial 
objects by which I was guided in thoir claboration. ‘Tho 
changes that have takon place in tho disposition of tho 
works in tho Khadir, sufficiently account for the rodia- 
posal of the channels for navigation. To tho works, 
therefore, that have actually been built, I shell confine 
myself; and theso (with the oxceptions above noted) aro 
similar in genoral respects to thoso of the 1845 ostimate, 

Tn the design for tho navigablo channels, I was guided 
by the following considorations :— 
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ist. Tho necossity of nn alignomont at a sulficiont 
distance from the works on the main canal, to prevent 
oither ono or the other from being incominodod by too 
close a proximity. 

Qnd. To placo tho point of departure of tho navignblo 
from the main lino at such a distance from tho frlls that 
it might bo entirely freo from their influcnes. 

8rd. To protoct tho head of tho navigable channol, 
and to make tho best arrangements for socuring tho sato 
admission of craft. 

4th. To adapt com mills to tho wasto channol of tho 
locks, and to make it gonorally applicable to the purposes 
of machinery. 

5th. Lo combine with tho masonry works attached 
to the locks, such inlots for drainage, and such outloty for 
inigation as might be required from that particular part 
of the canal in which the works were constructed. 

The dimensions of the channel, as well as those of 
the lock chambers, were dotormined on the longth of the 
largest sort of kurri or raftcr into which tho saul timbors 
of tho forest are cut up for the country markels. This 
species of wood, which varios from 10 lo 15 feot in 
length, and from 3 to 6 inchos in scantling, is sold in 
enormous quantitios, and is in goncral uso throughout 
tho North-Western Provinces, wherevor it can be obtained 
at a voasonable prico. It is collected at marty silnatod 
on the banks of the great rivers in the neighbourhood of 
the forests, and from theneo it is floated down on vafts 
to depdts, from whence it is distributed ovor tho country. 
The kuwries of 15 feot are tied side by sido, and form. 
longitudinal rafts, frequontly of immense length, but in 
width confined to tho longth of tho kwri, By making 
the navigable canal channol, thoroforc, equal in dimen- 
sions to the section which I have shown in diagram 121, 
and by designing tho lock chambors on a width of 16 
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foet, I gavo evory facility to the passago of the same 
spocios of raft that now traverses tho main rivors. I 
avoided the necossity for alteration in the form of rafts, 
and I did not domand any change in tho mothod to 
which tho boat people and raflors have been accustomed, 
By giving a length of 100 fect in tho clear to the lock 
chamber, tho size of raft which will bo able to pass down 
the canal will be equal to tho average of thoso which are 
now floated down the Gangos. ‘Tho width is a conyo- 
nicnt one, and admits of the utmost simplicity in tho gato 
and sluice apparatus. 

The question of the greatest importanco aftoy tho 
dimensions of the channels and lock chambers were 
decided on, appeared to bo that which comes under tho 
third ilom. It was vory cloar that to consider tho main 
line as a nayigablo ono, with tho prospect of boats or 
rafts being brought in contact with tho falls, was wrea- 
sonable. It mattored little whether through carclessness 
or accident boats wore overwhelmed in theso cataracts. 
Catastrophes of this sort woro to bo avoided, Tho noto- 
rious apathy of nativo boatmen was well known; tho 
carclossnoss and noglect of ostablishmonts wero contin- 
goncios of too frequent occurrence to be treated with 
indifference ; and tho possibility of craft passing tho 
navigablo head, and proceeding onwards towards tho 
falls, was obviously a mattcr to bo guarded against. It 
was a case in which no half measures would answer, and 
one in which tho provention to dangor ought to be so 
certain that no reasonable contingency should bo likely 
to dofoat it, 

Tho original idca was to throw chain booms over tho 
main canal immediately, on the down-stroam sido and 
bolow tho hoad of the navigable channel. Tho objections 
to this plan, howevor, were tho uncortainty of obstruction 
that booms would offer, especially under tho oxtromo 
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variations of high-water level, to which tho canal waa 
subjected. Thoro was much in the practical detail, more- 
over, of tho degign, that rondered iis adoption incon- 
venient, and the mere facts of doubts oxisting us to ils 
sufficioncy appeared to me to be fatal to a project upon 
which the security of property, and ovon of human lifo, 
depended. In licu, therefore, of chain cables suspondod 
across the main channel, a bridge of boats has boon sub- 
stituted, The passage of traffic, thorofore, is entirely eon- 
fined to the open channel above the bridge, which acts 
as a fingor-post ih directing tho boatmen to tho navigablo 
canal head, and opposes a direct bar to the advanco of 
craft beyond tho limits of safoty. The bridge itself, 
although not designed as a high road for communication, 
affords the means of crossing tho main channel, and of 
placing the canal establishmont in connection with a 
yajbulia head which is situated on tho right embankment, 
and on the up-stream side of the bridge. ‘Pho bridgo, 
moreover, will, to 2 certain degree, act as a bund, and by 
retaining the water on tho up-stream sido, on somowhat 
highor levels, give to both the rajbuha hoad on the right 
bank, and to the navigable channel on tho loft, the ad- 
vantages attendant thoreupon. 

Tho works undor this design offer a security to boats 
in their passage, which othorwiso thoy would not have 
had. Tho chances of accident aro indofinitely removed, 
and the advantages arising both to irrigation and naviga- 
tion appear to mo to bo conclusive as to their fitness for 
the purposes required. 

Inow proceed to the detail of the navigable lines, 
and the difforont works therowith conncctod. In thoir 
order of precedence those in tho Ganges khudir will bo 
first described, and to do this satisfactorily, [ nut intro- 
duce a repetition of diagram 14, fig. 2, which was fonnorly 
given as illustrative of the change that had beon mado in 
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the disposition of tho works betweon the Renipoor and 


Rutmoo torrents. 
Diagram 119, 
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Tho object of tho navigable channel in tho khadir is 
to overcome a descont of ‘36 foet, that occurs betwoon 
the Ranipoor and Puttri super-passages. The distance 
betwoon the two works, or betwoon the two extremes of the 
high and low lovol, is only 4°6 miles; it was considered, 
thorofore, expodient to design the wholo in one uninter- 
iuptod channel for navigation, instond of in a detailed 
sorios apponded to conch particular descent. The navi- 
gablo channel, accordingly, which leaves tho main canal 
on its loft bank, immediatoly on tho up-styoam sido of 
tho Jowallapoor bridge, runs parallel to it, impingos on 
tho supor-passago at Ranipoor, under which its channel 
is carried, and from thenco gaining its parallolism, moots 
tho main canal bolow the Puttri supor-passago, under 
which its courso is conducted on tho samo design ag that 
at Ranipoor. 

Tho Jowallapoor bridge acts towards tho hoad of this 
lino of navigation in the same way that the bridgos of 
boats before described are intended to act at points whoro 
theo aro no masonry bridges. It offors a marked and 
decidod limit to tho water available for navigation, it is 
far yomoved from tho head of the falls; and by oceupy- 
ing cach bay, which is 65 feot in width, by threo bonts 
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anchored and firmly held in position, so as to provent tho 
passage of craft boyond its limits, our ohjoct is socured 
with the smallest possible intorforenco, and with as little 
obstruction as could well be, with the passage of tho water 
in the main canal. 

Tho head of tho navigablo cut consisis of an arched 
masonry channel 20 fect in width, giving cover to a 
towing-path of 5 feot, and a wator channel of 16 fect in 
width. This channel passes obliquely through tho bridgo, 
wings and ramps, leaving the main canal at an anglo of 
40°. Drop gates are filted to the front, so ag to admit of 
the channel boing laid dry for repairs, or for other con- 
tingent purposes; and the entranco into the archod channol 
is flanked by masonry walls, with piling, and tho nocos- 
sary expedicnts for protecting tho work from injury. Tho 
wholo forms a component part of tho Jowallapoor bridgo, 
to which it becomes a leading feature on the up-stroam 
left flank, the remaining three flanks being -covorod by 
the Dalhousic Ghats. 

The work, with tho oxception of the foundations and 
the moro solid parts of tho abutments in which bouldor 
masonry is used, is constructed entirely of brick. ‘tho 
arch, which is a sogmont of 60°, in sulliciontly oloyated 
to admit of freo passage for loaded bouts with a maximmn 
supply of water in tho canal. (Vide Atlas, Plato XVI, 
fig, 4.) 

After leaving tho masonry head abovo described, the 
channol, which is excavated in a goil somowhat sandy, 
and on the following section, 


i 
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Diagram 120. 
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proceeds for a distance of 1,889-66 foot on a curve, with 
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a radius of 2,256 foot; it is thon carried for 4,868 feat 
parallel to, and at a distanco of 600 fect from, the canal 
boundary, until it reaches the neighbourhood of tho 
Ranipoor supor-passage, immediately in front of which 
the first series of locks is established. At a distance of 
615 fect from tho up-stream face of the super-passago 
works, a rovotted and floored masonry chauncl, 16 feot 
in width at its commoncement, directed upon the works 
in a eurve, delivers the water on tho head of the lock 
chamber, at which point the width of tho channel is 
increased to 30 foot. This masonry channol, which com- 
monees immediately below an octagon harbour, or resting- 
place, into which tho navigable channol is directed, is 
entered under a masonry bridge, with a sogmental arch 
(60 deg.) of 25 fect in width, 9 feet of which is oceupicd 
by a towing-path. Tho channel thon sweops round a 
fixst-clags choki, which is situated in an clovated position 
on the right; and betweon which and tho channel access 
is gained by a flight of steps, and proceeds onwards, On 
tho approach to the hoad of the lock, this masonry 
channol throws off a branch rmning parallel to it, and 
passing undor tho floorings of tho supor-passage, in the 
sumo way, Uthough on a higher level than that of the 
navigablo line. Both theso channels form flanked arch- 
ways, dosigned uniformly with thoso for tho passage of 
tho water in the main canal, from which they are 
separated by a masonry revetment, The archway for 
tho navigablo lino is 19 fect in width, and that for the 
parallel passage, which is intended for tho supply of corn 
mills at Bahadoorabad, is 10 fect. Both tho supply heads 
of the corn mills and the passage for boats aro thus 
brought to boar upon the Ranipoor snper-passago, of 
which they form component parts; the floods of tho 
torrent passing over the whole, without in any way intor- 
fering with their respective channels, 
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The height of the rovetmont, or wall, that soparates 
the navigable passago and tho lock chamber from tho 
main canal channel is 15} foot, tho width giving spreo 
on the side towards the main stroman for a parapet of 
8 feet in height. The difforenco in width betaeon the 
lock chamber, which is 16 fect, and that of tho archway 
under the super-passago, in prolongation of tho lock 
chamber, which is 19 fect in width, has onabled mo to 
terminate the rovetment of separation above deseribed 
by a flight of steps, connecting the higher with the lowor 
levels, and giving access to tho navigablo channel under 
the archway. 

For the purpose of regulating the supply in the 
channel, three sluice openings of 6 fect in width oach, 
have beon picreod through tho soparating rovotmont, at 
a point immediately above the head of the lock chambor. 

For the general design of tho locks thomselves, with 
the detail of the apparatus for fixing tho gates, filling 
and emptying the chamber, &c., I am indebted to my 
visit to, and to my inspection of, the works of this do- 
scription in Lombardy. Thovo can, I think, bo no diflor- 
ence of opinion on tho oxtreme simplicity of these do- 
signs, which will be bettor understood by reference to tho 
Atlas, Plate XXIII. The upper gatos, which aro com- 
poatively small, being in height 6} fect, aro held in 
position by a plain wooden cross, in tho placo of tho 
complicated collars ; and tho lower ones, for the reton- 
tion of which in their proper position greater caro is 
yequired, are immoyably fixed by a timbor lid trans- 
vorsely across tho chambor, capping the uppor pivots of 
tho gates, and having its onds imbedded in tho masonry 
work, By imbedded, it is not monnt that tho timbor is 
isvemovably built into tho masonry, il is morely laid in 
grooves adapted to its rocoplion, and out of theso grooves 
it can bo romoved, and tho gates displaced, without tho 
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slightost disearangemont to the building. In both the 
upper and lowor gates the lower pivots aro seated in the 
usual way, in stone blocks; in the present case, tho 
blocks are of tho Delhi quartz rock; thoy are, in fact, 
corbels from the ruins of old Delhi. 

The game corbels have (fixed in an upright position), 
been used as bumping stones for the gates to shut upon; 
this plan has been adopted universally in the room of 
the unbroken lino of stonework in use, both in England 
and Lombardy, which it was supposod would Icad to 
interruption in tho working of the gates, by collecting 
sand deposits. 

The sluices for filling and omptying the chambers, 
the simplicity of which attracted my attention when on 
the Pavia Canal more than anything else that I cbsorved 
on the Italian canal works, aro really oxaggoratcd stop- 
cocks ; that is to say, solid cylindors pierced through on 
one side, so that when the side that is picreed is opposod 
to the channel, water oscapes; by tuning tho cylinder 
anil opposing to the water the unpiorced side, the sluice 
is closad. From tho shapo of this machine which is 
cylindrical, and measuring 2} foct in diamotor, by 8} feot 
in hoight, wo havo, for want of a bottor, called it a “ drum 
sluice ;”’ it is worked by an upright axlo, which is carried 
up through the revetment and is terminated by a handle 
or lover, fixed at right angles to it. As in tho cago of 
the lock gatos, its lower pivot works upon a stono block. 
(Vide Atlas, Plates XXTIL,, fig. 4.) These sluices aro fixed 
on a, low level, so thai when the admission of wator into 
tho chamber is required, every advantage is dorived from 
head pressure, and by this, to rapidity in filling the 
chambor. 

The case with which those gluicos are worked, their 
utter independence from all rackwork, chains—in fuct 
from all vortical motion—rondors them of extraordinary 
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value on works which aro ontrustod to tho charge of 
simple and uneducatod ostablishmonts. T may remark 
also, that tho adaptation of complicated machinory, or 
simple machinory oven, which is liable to disnrrangomont, 
might bo fatal to the uso of works of this sort, in the 
absonce of means for its immediato repair. 

A question, howovor, still romains, dopondont in 
a great moasure on tho horizontal movomont, which 
appears to be so admirably adapted to socurity: May 
not the sand and silt deposits, which aro to bo ox- 
pected in the Ganges Canal works affoct tho working of 
those sluiccs ? Evon this ovil, should it oceur, may 
perhaps bo remedied by a standing ordor for turning thom 
twice or thrico a day, should the locks be out of employ. 

The dimensions of the lock chambors aro 16 foot in 
width on a total length of 100 foct, tho drop being 9 foot 
in perpendicular height, with a reservoir at its foot; the 
width is adapted to the larger sort of kurri, or raftor of 
15 feet in length, and to the raft which is used on tho 
Ganges, as before explained. It is also ndapted to a 
string of boats, as proposed to bo used for the transport of 
matorial, &e., on the works, the design of which iy shown 
in tho following diagram :— 


Diagram 121, 
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I havo adopted tho timber apron as shown in tho 
diagram at a x, for the purposo of keeping tho bonis 
clear of the drop, and for breaking tho fall whon wator is 
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permitted to pass over in large bodios. This apron is 
used in all the lock chambers that I visited in Northern 
Ttaly, and its advantages wore so highly spoken of by tho 
engineers who accompanied mo, that I have no doubt 
time and practice will prove its applicability on tho works 
in those provinces. 

The whole of those buildings are, with tho oxcoption 
of the more massive parts of tho abutmonts and founda- 
tions, which are of boulders, built entirely of brick 
masonry. Tho lining out of the curves of approach to the 
super-passage has been admirably executed by Mr. Kay, 
the assistant engineer in charge of the works, and the 
bricklaying and work in general have been weil done. 

On leaving tho super-passage, a masonry channol 
cavviod on an ogce curve, similar to that on which 
the navigablo line reached the work, delivors tho water 
on an excavated canal which runs on the left, first on o 
cwrve 1,010 fect in length, and then parallel to, and at a 
distance of 581 foot from, the main canal boundary. The 
length of this curve and of the masonry channel from tho 
down-stveam faco of tho supet-passage to its tormination 
on tho earthwork, is equal to 415 fect, The above 
masonry channol, tho revotmonts of which aro 12:65 foot 
in height, is crossed by an aqueduct for conducting tho 
mill supply, which up to this point runs parallel, although, 
as it will be understood from the purposes for which it is 
intended, on a much higher levol, 

Shortly aftor the masonry works in connoction with 
the super-passage are passed, the excavated channel is 
widenod out into an octagon reservoir for the purposo of 
acting as a harbour and resting-place for boats on their 
reaching the lock passage, At a distance of 4,140 feot 
in advance, we reach the Bahadoorabad mills, which 
lie on both sidos of the navigablo channel; and in 
advance of these again, at a distance of 8,834} feot, 

Vou. iL, x 
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ato No. 2 Locks, tho bridgo over which han its axis 
in prolongation of that of tho falls bridge over tho 
main canal; a mothod of alignemont which hag beon 
designed for all tho works connocted with naviga- 
tion. 

Tho works at No. 2 Locks consist of a lock chambar, 
with its dimensions and fittings on tho samo plan aos 
those before described, On tho right of tho lock chamol 
ig a waste one, 11 fect in width, to which the nevossary 
appliances for regulating the cscnpe water have boon 
aitached. Both channels aro crossod by masonry sog- | 
mental archos, forming a bridgo with a rondway 25 fect 
in width, botwoen the plinths of tho parapets, Tho lock 
and tho waste chambor aro separatod by a wall which 
gives a platform on its top of 9 foot in width. On tho 
down-stream sido, this platform is terminated by a flight 
of steps, affording the means of approach to the wator 
from the bridge roadway. The sido or abutment rovot- 
ments are terminated both on tho wp- and down- stream 
extremities by sweops, which sro woll covered by tho 
slopes of tho oxcayated channol. 

An open line of canal in prolongation of that before 
described, dolivors tho wator on No. 8 Locks, tho position 
of which, relatively to No. 3 Falls on tho main canal, is 
uniform with that bofore described. With the exeoption 
of the bridge roadway, which is 15 foet, tho woulks ab 
No. 8 Locks are similar in ovory rospoct to thoso at 
No. 2; thoir dimonsions and design aro identical, 

At a distanco of 600 foot, tho oxcavated channol 
retains its parallelism to the main line of canal, arriving 
at tho Puttri supor-passago preciscly under the gamo 
conditions as regards alignoment and works ay it did on 
its approach to the Ranipoor torvont. 

The curved masonry channel, which is 599} foob in 
length from ils commencomont to tho wp-siroam Ineo of 


* 


cIAP. Y.| WORKS OF NAVIGATION. 807 


tho Putiri supor-passage, is entered under a masonry 
bridge similar to that at Ranipoor. The channel sweeps 
round a first-class choki, which is situated in an elevated 
position on its right, the higher platform boing connected 
with the water by a flight of slops. The lock, both in its 
position and appurtenancos, is precisely the same as that 
at the Ranipoor works; tho lock chamber, however, 
dolivers the water into a channel of 25 fect in width, 
instead of into one of 19, and consequently the re- 
vetment separating the navigable from the main canal 
, is 18} instead of 7-4 feet in width, and the flight of 
steps is 9 fect wide instead of 8 feet. The difference in 
the dosign of the two works in the above vospect is 
purely accidental. At the Ranipoor works we were 
restricted within limils bounded by the inlet and outlet 
that had been previously built. At the Pultri works wo 
were unshackled. Wo had, moreover, at tho Ranipoor 
works to arrange for a passago for tho mill-wator for the 
Bahadoorabad mills, a necessity that did not exist at 
tho Puttri works, whoro, with tho excoption of tho archway 
voquired for the purpose of tho navigable canal, the 
work was dovoted ontircly to the passage of the main 
stroam. 

On passing the lock, the boats are delivered on tho 
lower lovels into the main canal. Thoy havo, in the four 
locks alroady passed, overcome a descont of 86 feat. 
From the left channel, thorefore, of the Puttri works, the 
navigable canal joins the main stream down which the 
boats proceed without any further interruption until they 
reach the high land of the Doab. 

The channel and lock works at the Puttri are en- 
tively built of brick masonry, with the excoption of por- 
tions of the most massivo parts of tho structure, in which 
boulders have been used. This, in fact, is the character 
of all the masonry works aliached to this line of naviga- 

” x 2 
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tion. Tixiernally they are stuccoed, or covered with a 
coating of lime coment. 

From the head at Jowallapoor down to within half a 
mile of the commencemont of the masonry channel at 
the Puttri, tho excavation of the channel aud foundations 
for the works were not incommoded by spring-wator, and 
were therefore exocuted without the slightest inconveni- 
ence. Tho wholo of tho works connected with tho Puttyi, 
however, have beon laid in springs, and havo boon built 
under difficultios of no ordinary nature. 

The former were constructed under the management 
of My. Kay, and tho latter undoy that of My. Login, 
the assistant engincers, to whose care tho whole of the 
works on this part of tho khadir havo beon entrusted, 

From the above description, it will bo understood 
that the lockage in the khadir is confined to tho tract 
lying between Jowallapoor and the Putiri, and that on 
this distance the channel for navigation continuos win- 
terruptedly, and on » course entirely distinct from tho 
main lino of the canal. 

Diagram 122. 
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We now come to the passage of tho falls which lio 
below Roorkee, or those on the high land, tho description 
of which is givon in tho sceond soction of tho first part of 
this history. Here, in contradistinelion 10 that nbovo 
described, the navigable passages aro carried round cach 
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descont separately, aud they ave tiecessarily accompanied 
by works of a somewhat different description, Dis- 
gram 122 will show in detail the relative positions of 
tho navigable and main lines of canal and the different 
works attendant thereupon, under the design which I am 
now about to describe. 

On the above plan the passago of all the falls lying 
helow thoso at the Puttri super-passage is offccted, 
These works are ten in numbor, and they extond from 
the Assoffnugeur Falls, which aro situated at the 
Q4th mile, to those at Simra, the last of the sories, and 
which are built at the 164th mile from the regulating 
head at Myapoor. 

The relative situations of these works will be shown 
by the following table, which exhibits in a parallel 
column tho amount of drop which the change of level 
necessitates at cach of tho locks which are appended to 
tho different works :— 


‘ Position Amount 

on the Canal. of Diop, 

Assoffnuggir Falls, . : « 24th mile. 8 feet. 
» Muhmoodpoor Falls : 7 - Blab ,, 8 
Belva Falls, . . . - Adnd yy 8 yy 
Jaoli Palle, . . » 48th ,, 8, 
Chitowra Talls ; . ' . 65th ,, 8 y 
Sulawur Palle . : ‘ . 68th ,, 8 
Bhola Malls. ; . »  . 8dth ,, 8 
Dasna Falls. . . . » 106th ,, 8 y 
Pulva Falls. . «6 «6 . Mh, 5 y 
Simra Falls. ; . ‘ . 1édth ,, 5 y 


The reasons why the navigable canal was not carried 
in one consecutive lino, and parallel to the main stream, 
as has beon done in tho khadix, were—the longth of the 
extreme distance between the head and the tail of the 
doscents; tho great quantity of valuable ground that 
would have been occupied ; and the oxpense that would 
have been incurred, not morely in additional bridges for 
cross-communication, and in the excavation originally 


s 
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required, but in the aftor maintenanco of auch an ox- 
tended channol. On tho othor hand, there wore vory 
great recommendations in favour of tho con{inuous lino; 
the head works of the cuts, which, with their boat bridges 
and apparatus attachod, are expensive items in the cost 
of these works, would have boon reduced from ton to 
two; the inconvenionces which aro anticipated from the 
silting up of tho mouths of the navigable cut hoads would 
have been reduced in a similar propovtion; and thord 
can be no doubt that an ontiroly dotached passage would 
have been more secure for the transit of boats and rafts 
than the main channel; but it must bo taken into con- 
sideration, that the excavated line of tho navigablo out 
would under this arrangement havo oithor roquired to bo 
of greater capacity, or it must have beon fitted with 
numerous harbours or resting placos, which, liko sidings 
on railroads, would have been nocossary for tho froo and 
unintenmpted passage of boats and rafts moving up and 
down stream. In balancing tho advantages and disad- 
vantages of both methods, I dotermincd on that which 
has been adopted, and although it would be a source af 
rogret to find my anticipations of its bonolits unroalizod, 
I should havo tho satisfaction of knowing that tho 
method I havo rejected is’ still available, simply by ox- 
tending and prolonging the carthon channols, 

In the works, thoroforo, connooled with the detached 
falls which I am now about to doseribo, tho lino A B 
formed the axis on the contro of tho bridges of commu- 
nication across tho falls and locks, From this axis tho 
entrance and exit of tho navigablo channol are fixed ab 
8,500 and 4,000 feet rogspectivoly from tho hoad and tail 
of the falls; a distance that was supposed to bo adequate 

‘to removing these points out of the influonco of tho 
vepids, Tho main and navigable canal are 1,000 foot 
apart from contre to contre, and thoy ave connocted wt 
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the entrance and exit by curves, as shown in the sheet, of 
the Atlas in which the detail of projection is given. The 
alignements, therefore, form an island, of which the 
length is 7,500; and the breadth 1,000 feet, This en- 
closed tract is used for plantations, and as the sito of the 
choki (in mogt instances a first-class onc), which is con- 
trically situated between the navigable and main canal, 
and on the up-stream sido of the road that connects 
them. 

The head of the navigablo canal consists of an open 
revetted passage 16 feet in width, the left revetment 
meeting the earthwork by sweeps, and in some cases by 
flights of steps. The right, or that which constitutes 
one side of the enclosed angle between the two streams, 
is connected with o similar revetment, which forms tho 
other, vesting on the left of the main canal. These two 
revetments, the one forming the right of the cntrance 
into the navigable cut, and the othor that of the left 
flank of the main canal, mcot cach othor at their ends in 
eireular sweeps. Tho whole building forms an oval, 
narrowor at one ond than at tho othor; that ond which 
is narrowest boing saliont towards the stream. 

The revetment which faces the main canal is filted 
with iron rings, placed in threo tiers, which correspond 
with similar appendages attached to a revetment built on 
the right of the thain canal. 

Between the two rovetments a bridge of boats will be 
thrown, hold in position by chains fixed 10 the rings, and 
by screw piles, adapted to moorings in the canal bed. 

The object of the three tiers of rings is fo accommo- 
date the bridge to the fluctuations in the rise and fall of 
the water; and the revetmonis to which tho rings are 
atlached are designed with flights of steps on the upper 
6 feot of their height, so as to give the means of ap- 
proach to the bridge roadway under these fluctuations, 
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Attached to tho up-stream side of the rovotmont on 
the right of the main canal, is a rajbuha hoad, Tho 
connection between tho two works has beon formed in a 
variety of ways adaptcd to the particular position of tho 
work. In some cases by flights of steps or ghats, in 
others by a mere continuation of tho wall. 

The passage into the nayigablo canal is an open ono, 
without arch ; it is fitted with grooves and the nocossary 
apparatus for shutting out tho water, or rogulating tho 
supply ; the planks or sleopors necossary for this purpose 
being used in the interim ag a temporary moans of com- 
munication across the passage. A swivel, or moveable 
platform, might with groat advantage bo udwpted to this 
passage. i 

I may observe, in closing tho doscription of those 
head works, that a flight of stops is constructed in tho 
salient end of the building which separates tho two 
streams, by which means accoss is givon to the upper 
platform of the work, and to the island at tho point of 
separation of the channels. 

The detail of the boats and apparatus for fixing tho 
bridge in position, is loft for futuro detormination and 
adjustment; practico and oxporienco will, L have no 
doubt, ronder this part of tho dosign a simple ono. Jn 
the meantimo I havo adopted the ivon opon boat ,in 
present usc on tho canals in these provinces, the dimon- 
sions of which are: longth 303’, broadth 93’, dopth 2}’. 
Sevon of thesc, with intermediate platforms, will he vo- 
quired at each of the heads from the Assoffimggur to tho 
Dasna works, Tho bridges at Pulva and Simra, whero 
the main canal is reduced in width, will not require moro 
than six boats cach, I havo preforrod boats to pontoon 
cylinders, because the formoyr avo available for all sorls of 
useful purposes, whoreas tho lattor sre limited to one, 
By using the same sort of boat, howoyor, in the bridgos 
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that is proposed to be used on the canal genorally (vide 
diagvam 121) for the transit of goods, thore would be 
less fear of interruption in the evont of repair. These 
bridges, moreover, might be considered 28 tho hospital 
for craft which had seen bettor days, and whose time 
might be more valuably spont in retiromont than in the 
active dutios of its profession. 

The locks and waste channels ave identical in every 
way, excepting in height, with thode that I have before 
described as built at No. 2 and No. 8 of the khadir 
gories. The dopth of tho revetments varies with the 
theoretical maximum high-water mark in the canal; for 
instance, from Assoffauggur to Jaoli, where the maxi- 
mtm high water is 10 feet from the canal bed, the 
revetments on the upper sill of the lock are 11 feet. 
From Chitowra to Dasna inclusive, the theoretical depth 
of the wator being 9 fect, the height of the revetments is 
10 fect. At Simra and Pulra, whore the depth of canal 
“ator is 8 foct, the height of these revotments is 9 feet 
only. By adding to the above-mentioned heights the 
amount of drop on cach lock, tho depth of gato in the 
lowor chamber may bo estimated. The following tablo 
will show this in detail :— 





Upper Chambor. Lower Chamber, 
Tleight of | Height) Teight of Height 
Revetment, | of Gate} Revetment, | of Gate, 





Treat. Teet, Veet. Peet, 
1. From Assoffhuggur 
lo Jaoli inclusive . 11 10 20 19 
2, From Jaoh to Dasna 
inelusive . . . 10 9 19 18 
8, Fiom Pulra to Simra 
indusive . . . 9 8 18 17 





With the above excoption, the works, as far as lockago 
ig concerned, are identical. 
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At the No. 2 and No. 8 Locks in tho khadiv, I havo 
terminated the flank revetments on tho up-stroam sido 
by sweeps into tho bank. In thoso which I am now 
describing, these revetments aro prolonged up-stroam ; 
that one on the right forming tho front to a sorios of 
inlets to corn-mills; that on the loft terminating in a 
rajbuha head. The dosign will bo bost undorstood by 
referenco 40 Plate XXTX. of tho Atlas, I have, howovor, 
for the present restricted the number of mills (the pun- 
chukki of these provinces) to four, for which two houses 
are built, The revetmont is of a length, however, suffi-. 
cient to admit of a third house adapted to tho samo 
number of punchukkies, For this all necessary arrange- 
ments havo beon made, by lining out the dimonsions on 
a uniform scalo with the basemont fronts of tho houses, 
and by building inlets for the mill shoots, which for tho 
time being ave filled with brickwork. The inlets of these 
mills leave the channel on the high levels, the wator 
being retained for tho purposo by tho regulating shuitor 
ai the head of the waste chamnol. The tail or oseapo 
water passes away on tho lowor levols. 

This waste channel is converted into a vocoptaclo for 
the surplus water that falls on tho island; and in tha 
neighbourhood of the mills tho wator is roceived into a 
woll, and passes into the chambor by an undorground 
channel on the same plan as hag beon univorsally adopted 
in the Ganges Canal works, 

In occasional instances where tho inlet drain abovo 
mentioned is inswiliciont to relieve tho island from yain- 
wator, anothor work on tho samo plan hag becn con- 
structed on the down-stream gido of tho locks, ay shown 
in the diagram at 8. In this caso the front towards tho 
water is covered by a flight of stops, 

The oxcavated channol iy on tho same plan and of 
tho same capacily as that doscribed in tho ‘khadix, of 
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which a section is figured in diagram 120, The left 
bank forms the yoad and plantations, as are described 
elsewhere. The details of earthwork, with two excop- 
tions, which I shall describe presently, are, as a general 
rule, precisely the same as those on tho main canal. 

Tn the whole of these works a perfect uniformity of 
design has been attempted. With regard to height of 
gates, there are three distinct serios, ag shown by the 
above table. In other respects, every dimension in one 

- work is identical with that of the other, and consequently 
the fittings which are adapted to one are adapted to all, 
The advantages, both to the supervisors and to the works 
themselves, of an economical arrangement of this sort ave 
too well known to be dwelt upon with any extraordinary 
emphasis. They have, at any vate, been attempted to be 
carried out in all the designs of the Ganges Canal works, 
where varieties of dimension have becn reduced to the 
smallest possible limits consistent with cfficioncy. 

Tho two exceptions to the uniformity of detail in the 
earthwork before referred to, are confined to the navigable 
cuts af Muhmoodpoor and Bhola, 

At Muhmoodpoor, the alignemont has boon retained 
in all its integrity, but in effecting this the channel came 
in contact with a good deal of low ground. A jhecl or 
hollow of some extent was intersected, and for a con- 
siderable distanco ahe true levol of the bed was abovo that 
of tho surfaco of the country. It bocame necossary, 
therefore, to ombank that part of the channel which was 
connected with the low ground, and to make such ar- 
yangements for procuring carth for that purpose as would 
lead to the loast disfigurement to tho land in the neigh- 
bourhood. The following diagram will show the disposi- 
tion of the works at Muhmoodpoor, the site of the tanks 
oy veservoirs from which the earth has beon taken to 
form the embankments, and the abnormal position of 
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the first-class choki dopendont on tho irrogularity of the 
ground and the island formed by the navigable cut. 
Diagiam 123, 
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T consider that theso regorvoirs avo a nuisance, Thoy 
have boon retainod within the smallest possible limits, 
on measurement calculated on tho required demand for 
oath. They havo been dug as deeply as economy would 
admit of, so ag to roduce as much as porsible an aren 
which will necessarily bocomo a ficld of roeds and wator- 
rushes; and everything has been dono to ronder this 
nuisance as innocuous as it possibly could bo. [am not 
without hopes that occasion may bo found hoveaftor for 
filling in thoso resorvoirs, should thoir oxistonce mato- 
rially affect tho health of tho station. This may domand 
a summary remedy, but it is possible that tho clearmeo 
of the navigable channel from silt and sand doposils may 
in tho course of time provide matorial i gulfficiont abun- 
dance for disposing of the ovil without any nocossity for 
specific estimate, 

At Bhola, tho variations from the gonoral design aro 
dependont on the villago, which is situated within a short 
distance from tho canal boundary. It would havo boon 
necessary oither to enclose the villago in tho island, by 
carrying the navigable canal vound it, or, by making 
certain modifications in tho alignoment, to keep cloar of 
the village altogothor, ‘To havo brought tho villago 
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within the boundarios of the canal would have boon as 
annoying to ourselves, as it would have boen inconveniont 
to the inhabitants, We should not even by doing this 
have maintained tho alignement in the required form. 
Tho navigable cut would have been carricd on a very 
extended circuit to mect tho requirements of both parties, 
and, laying asido the additional expenso, the advantages 
appoared to be in favour of-the modified course, in which 
the village would moet with no interforence. The plan, 
therefore, of the Bhola navigable cut has beon laid out as 
represented in the following diagram :— 


Diagram 124. 





From a to b, the channol has been widened out into 
a harbour for boats, which is a conveniont appendage to 
tho navigation, and tho earth which hag beon excavated 
from it has onabled us to equalizo the surface of the 
ground in ils neighbourhood, and 10 complete the em- 
bankmonts of the main canal which would otherwise have 
boen imperfect. 

In the construction of the masonry appended to the 
works on the navigable linos which I havo thus described, 
bricks have beon invariably used, with some trifling 
exceptions in the foundations at Sulawur, Bhola, Dasna, 
Pulra, and Simra, whore the proximity of kunkur quarries 
has enabled us to adapt that matorial to tho more mas- 
sive parts of the structure. At the above places, Pulra 
excepted, the tail foundation walls have been laid upon 
blocks sunk to a dopth of 12 feet, a necossity arising 
from the surface of spring-water showing itself within 
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tho limits of the projected foundations, With tho oxeop- 
tion of the four instances abovo montionod, tho works 
have been laid in dry soil, and havo been constructed 
without any difficulty. Tho works at Chitowra have,boon 
builé ontirely of small bricks, procured from tho ruins of 
a large surai which was purchased in tho noighbourhood. 

The abovo includes tho whole of tho works which 
have up to tho presont timo boon built for tho purposo of 
navigation, with tho excoption of those at tho torminus 
of the Cawnpoor line, which will bo tho subjoct of a 
separate chapter. My estimate of 1850 includos othor 
works of this description which havo boon dosignod for 
overcoming tho changes of lovel on tho Cawnpoor and 
Etawah terminal lines. It is anticipated, howevor, that 
the smallness of thoso changos of lovol will, in all pro- 
bability, lead to a sclf-adjustment by a natural oqualiza- 
tion of slope arising from the deposition of silt and sand, 
without any necessity for tho introduction of soparato 
works for navigation, Tho terminal locks into the Jumna * 
on the Etawah lino will, agrooably to the presont plan, bo 
postponed, until tho progress of tho works is furthor 
advanced, or until tho disposition of tho cana supply 
is fairly understood. Theso works avo proposed to bo 
similar in every respect io thoso which aro now undor 
construction at Cawnpoor, with tho omission of thoso 
parts of the design which are exprossly adaptod 40 that 
particular locality. Tho Etawah torminal works will bo 
restricted to a series of Idcks on the Cawnpoor plan, tho 
total amount of doscont from the uppor to tho lowor lovols 
boing oqually distributed in drops of a uniform porpon- 
dicular height. These locks will tompovarily bo uncon- 
nocted by revetmonts ; thoy will be accompaniod, howover, 
by the necessary buildings and rosorvoirs for navigation, 
ag well as for mill puxposes. 

The main canal and its branchos are, it will bo undor- 
stood from the description formerly givon, filtod on their 
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wholo oxtent with towing-paths, for the convenience of 
navigation, These paths are maintained uninterruptodly 
from ono end of tho canal to the other, either by path- 
ways catriod under the bridge waterway arches, or more 
commonly by passages in prolongation of tho towing- 
paths themselves, mado undor tho bridge roadways. In 
the former case, the boats proceed in thoir progross 
without any hindranco from the interposition of bridges; 
in the lattor, tho separation of the towing zope from the 
cattle on arrival at a bridge is indispensable. Tho plan 
which I proposo to adopt is shown in diagram 125, where 
it will be seen that one of the bitt-heads connected with 
the rajbuha channel above bridge acts as the support 
for a chain with a buoy attached, the buoy floating below 
bridge. On the arrival of boats at the buoy, they are 
hooked to it, whilst tho cattle and towing apparatus pass 
onwards through the passage. The boat people then 
either pull themselves onwards by means of the chain 
attachod to tho buoy, and then refix the boats to tho 
towing vopes; or, should the boats be too heavy for this 
purpose, the towing yopo is thrown to thom from above 
bridgo, belayod, and the towing upwards continuod with- 
out tho aid of the buoy chain. Facilities aro thus given 
for tho passage of crafi both up and down stream along 
the whole of the channels connected with tho Ganges 
Canal works, 

It is hardly necossary to descant on the value that 
will be derived to the inland country ospocially, from the 
means of water carriage provided by the Ganges Canal 
alld its branches, even in its most restricted sense. 
Admitting that, as a work specifically for invigation, the 
canal will be liable during drought to a want of supply 
at its lower extremities, and to constant interruptions 
elsewhere, it will place tho contral districts, and tho 
numerous towns and villages which lio on its course, 
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in immodiate connection with mountain and hill pro- 
duce; it will introduce a now: specios of commerco in 
the country through which it runs, and provide a supply 
of material for building purposos which at prosent is 
wnknown.* Timber of all doscriptions, ropo, string; firo- 
wood, charcoal, and the numorous articles of mountain 
produce which are now, from the cost of land earringo, 
shut out from the country markots, will by moans of this 
inland navigation be frecly circulated. Tho abovo aro 
some of the firgt, simplest, and most readily to be accom- 
plished benefits that tho canal will confer upon -the ° 
country in its subordinate charactor of a navigable line, 
We may look, however, to the higher advantagos ho- 
stowed upon countries in genoral by tho introduction of 
water carriage, Tho transmission of heavy goods, tho 
civeulation of country produce, and the’ means of a cheap 
conveyance to the community, aro all the nocossary con- 
sequences of Works of this nature. ; 








- os a Cost of 
A vy {Cost of Stucco} 
Name of Work. Aalst Gute eatit per 0p auper-| ‘Total Cost. 
antbic foot, | Melwl feet. | 
Ra, ALD. ‘ Whe AL Ws 
Uahadoorabad No.2.) 93,900° | a7 9 Ff | Anew In Tt ao,go7 a) 8 
Ditto. Nos. 81,066 | 16 19 11 ditto, 1,701 6 2 
Assoflhuggur Not completo! 17 2. 9 Hor ramnlate: Not complete, 
. i neluded in ‘ . 
Mulimoodpoo’ . .-) 127,014 | 19 1 of masonry rate, f 2900-14, 0 
Belra . 126,675 . |. 12 12 96 er eats or. \ 18,109:14 10 
neluded in: |) . 
Tools. 131,607 | 14 13 of mianomry rato, [f 200271 8 
Chitowra , . 141,697 1 669 3.13. 9. 18,163 11-8 
Sulawur . 0. Not complete 11 6 6 Hot coinpiete: Not complote, 
Jncluded in , 
Bhola. ., 147,444 | 14 12 1of miasonry rate. 2417419 8 
Dasna.>. . Not complete! 12 6 6 | Notcomplate.| Not completo, | * 
Polras se. 100,480 19 0 0 277 12,004 9 2 
Simra. . 105,443 Io 0-0 27 6 13,2046 16 8 

















The total cost shown above is exclusive of regulating apparatus. 


The Bahadoorabad locks have no imills to them. 








* Tn tho centrical districts of Mynpoori and 


StAwan, 





» the sink of 


castox-oil plant is substituted for hamboos and rafters in the. cottages of 


the pooter classes, 
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Diagram 125. 


TT, 








( 
a, Buoy floating bolow bridge attached by a chnin tora bitthead 2, ahoyo bridge, 2 . 


The total amount of masonry and the cost por 100 
cubic feet of the different works attached to tho locks 
and navigation cut-head works are shown in the preceding. 
table ; the works at Ranipoor and Puttri being omitted, 
as their cost is included in that of the super-passagés, 

, under which head it will be found. 
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Quarter VI, 
WORKS OF DISTRIBUTION. 


Section L, Rajbuha Channels and Harthwork. 
Section T1. Rajbuha Leads and Akasonry Work. 


Tau wholo of the design for theso works has boon so 
fully entorod into in Part IL, Cheptor IV., that I nood 
say nothing furthor horo than that my object has beon Lo 
avoid ag far as possible any hasty proccodings in laying 
out the rajbuhas until tho engincors could, by being 
relieved from the heavy works on the main canals, tun 
their attention undividedly to the subject. I was, moro- 
over, dosivous that my successor, whoso attention hag 
been directed to irrigation, and to the best methods 
adopted in Hurope for distributing water for that purpose, 
should not be shackled ov intorforod with by any por- 
manont works thet might interrupt his progress.  [b is 
with this viow that, allhongh I havo constructed all the 
heads for irrigation as connected with the main channol 
of tho canal, I have mado them of such a form ani of 
such a capacity of channel that they can at any time be 
fitted to tho requirements of modules or machinery for 
rogulalting tho supply of wator. Tt would bo a moro 
repetition wore I to describo the position and dotuil of 
these works, as a full aeccotint has boon given of them in 
the chapter above alludod to, 

I havo in the above chapter entored fully into my 
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views as to tho goneral system of the disposition of lond- 
ing and foedor channels, and have shown how completely 
tho tract of country which wo are called upon to irrigate 
is commanded by the reservoirs of supply. 

With the exception of tho masonry heads, tho greater 
part of which has been comploted, nothing has been 
done in tho excavation of rajbuha channels, cxcopt- 
ing the Inying out and oxcavation of a portion of the 
main lines on the right and left of tho canal from tho 
head of the Assoffnuggur Falls downwards. ‘Those wero 
commenced early in tho vains of 1858, and wore in 
progress at the period of my resigning charge of the 
works in April, 1854, On the right side, 40 miles of 
channel had been completed;* on tho left, 86 milos, 
Material in considerable quantitics had been collected, 
and the engineers wero only waiting for a velicf from the 
heavy works that were in progress on the main line, to 
carry out the tajbuhas with vigour. Tor this purpose 
good deal of surveying and examination of ground was 
in progress in tho Meerut and Bolundshuhw: districts, 
undor tho supervision of Mr. P. Yolk, in preparation for 
oxtending tho main linos in prolongation of Mr. Read’s 
channels, which aro now in progross in tho Saharunpoor, 
Muzuffumnugeu, and tlio uppor part of tho Moorut 
districts. 

On the first soction, therefore, 2 mero commoncement 
has been made in the leading channels from tho lead of: 
tho imigation on the high land of tho Doab downwards. 
The work has been entirely doné by contractors, who 
excavate the channel and complete the ombankmonts at 
a rato of mpoe 1-4-0 por 1,000 cubic fect. On tho 
second section, which includes tho masonry heads, 
bridges, aqueducts, escapes, &e., the hoads only have 
beon completod to an extent corresponding with the 
progross of the masonry works on tho main trmmk and 

, ¥2 
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tho torminal lines from Nanoon. This, howovor, includos 
tho wholo of the hoads as far down as Nanoon, ag woll 
as those on the Cawnpoor torminal lino; thoso on tho 
Etawah terminal are finished or in progross ay fw down 
ag tho 110th mile of tho courgo of the channel. 

Nono of tho other works aro commeneed upon, boyond 
the colloction of materials and laying out tho bridge and 
aqueduct on the Khutowli oseapo. 

Té will bo understood from what has boon said bofore, 
that tho wholo of tho cost of tho works connected with 
this chaptor appertains to tho zumindars. They are in 
all respects privato undertakings, carefully laid out, and 
looked after by tho canal authoritios, but no furthor 
chargeable to the Government than in tho advancos of 
money made for thoir construction. Tor furthor infor- 
mation, however, on this and all other points regarding 
works for izrigation, I must rofer to Part TI., Chaplor LV. 
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CHAPTER Vil. 
WORKS FOR MACHINERY. 


Tue heads tinder which this chapter may be divided aro: — 
Section I, Workshops and Machinery attached. 


Section IT. Mills for Corn-grinding. 


Section [.—Workshops and Machinery attached. 


Establishments for workshop purposes wore noces- 
sarily leading considovations in commoncing the Ganges 
Canal works, and buildings for the accommodation of 
smiths and carpenters woro amongst tho first to which 
tho attention of officers was divoctod. The site of the 
dam and regulating bridge, where the canal channel 
leaves the bed of the Ganges River, is on tho estate 
of Myapoor, in which thore is neither village nor popu- 
lation, the land being farmod by the people of Kunkhul, 
a town of considorable importance in the neighbourhood. 
Close by the alignemont of the canal right boundary, a 
serai, or enclosure, built partly of brick and partly of 
eut sandstone, with a pukka well near it, and at some 
distance an unfinished mundul, or Hindoo building, wero 
the only marks of habitable sottloment. The former was 
used for cattle, tho laticr was deserted, The sorai, which 
in its extornal moasuroment is £80 foe x 98°% fect, 
was voadily made over by the proprietors on an annual 
vont of 50 rupcos, and it was immodiately convorled into 
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a Workshop, Its interior was convonicntly adapled to 
the purpose. On two sides wero covered rooms with 
yorandas in front, oxtending on tho full width of tho 
quadrangle. On tho other tivo wore gatoways; that on 
the north sufficient for tho entrance of men and cattlo, 
and having somo pretensions to architectural ehavactor ; 
the south, or opposite side, boing 1] fect in width, and 
capablo of admitting carts. With tho additions of rooms 
for forges, &c,, which were arranged on tho flanks of tho 
entrance, this cnclosure becamo of tho greatost uso, and 
while the hoad-quarter station remained at Mynpoor, was 
the leading workshop. Since then it has beon used ag 2 
lock-up storo-room, ad it may be gonsidored as an usoful , 
appendage to the works in the neighbourhood. 

As carly as 1843, and shortly aftor the Munglow 
division of the works had boon ostablighod by Captain 
Tumbull, of tho Engineors, the preparation of work- 
shops on a more oxtonded scalo in the neighbourhood 
of the Solani River, and near tho site of tho aqueduct, 
was undertaken. The fown of Roorkeo, situatocd on tho 
odge of the high land which skirts the Khadiv, or low 
wact through which tho Soluni passes, was tho poh, 
on which tho aqueduct was directed. Its neighbourhood 
was marked by undulating ground, with knolls, many of 
which bore the marks of having been tho sites of anciont 
villagos, Those wore separated by raviny hollows, acting 
ag drains or watercourses from the highor to the lowor 
lovels. Tho spot which I selected for the Roorkoo work. 
shops was on tho highest of tho knolls above described, 
and lying immediately on tho left of the canal on its 
rverching the Bangor, or high Jand of tho Doab. Brom 
the quantities of brokon pols and erockory with which 
tho surface was covercd, this spot had boon ovidently the 
site of a former villago. At somo distanco from ib wero 
tho vomaing of Mussulman tombs, It was well adaptod 
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to our purposes, and in ils thon unevon and irregular 
surfaco was capable of giving accommodation to an 
enclosure of 250 feet square. This enclosuro was com- 
pleted previously to my proceeding to England in 1845, 
“Indopendontly of the more enclosure, ihe quadrangle was 
provided in its interior with accommodation for smiths 
and carponters, in lines of areaded rooms oxtending on 
its whole length on the cast and wost sides. On the 
former, offices of different deseriptions, including an 
instrument and model room, were constructed on plans 
which accompanicd the printed report of 1845. This 
quadvanglo, and the accommodation above described, 
served its time, and became the nuclous of future build- 
ings to meet tho constantly increasing wants of tho 
works. During my absonco from India, from 1845 to 
1848, although the interior of the quadvanglo had yo- 
ceived a furthor incrcase to its accommodation by the 
addition of arcadod rooms on the north and south similar 
do those which had boon before built on the east and 
wost sides, there wore clear and unmistakoablo signs 
that tho accommodation was cutircly insufficiont, At 
this poriod, movoover, tho carthwork on the aqueduct 
had arrived at that point whon mero manual and baskot 
labour had ecased, The carth required for the onormous 
embankments forming tho lino of aqueduct was now to 
be brought from tho sides of tho valley, and from a 
distanco which yendorod railroads and carth-waggons 
indispensable. For those purposes it becamo necessary 
to extond ows workshop accommodation, and at the 
samo time to improve our meaus by the application of 
machinory, and by tho use of superior tools, A dogign 
for additional workshops in extension of those already 
built was therefore submitted to tha Government, who 
ai the same timg made an application to the Court of 
Directors for tho despatch from England of machinery 
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adapted to our particular voquiroments. I had when 
in England scenved tho sorviecs of w practical engineer, 
who joined me in the month of Angust, 1848, and about 
the time whon the alterations which I have above alludod 
to were about to bo commoneod. Shortly before, or in 
the month of July, 1848, Lioutcnant Augustine Allen, an 
officer in the 55th Rogimont of Native Infantry, wes 
appointed as an assistant to tho exceutivo ongineor of 
the Northern Division, for the especial purposo of inking 
charge of tho workshops ; tho designation undor which ho 
was appointed being “ Engineer of tho Timber Yard.” 
The Roorkeo workshops, thorofore, bogan at this timo to 
assume & moro defined shapo than they had done pro- 
viously, and a system of order and mothod, with improved 
habits of conducting tho manufacture of iron, and of 
crurying on tho dutics of tho timbor-yard, bogan to 
exhibit thomselves in a very markod dogros. No gront 
step, however, could bo made until the machinory had 
arrived from England, and until tho increased accommo- 
dation which this, as well as tho increaso of workmon, 
rondored necessary, had been completed. ‘ho improvo- 
monts and additions which woro nt this timo anado, 
consisted in soparating tho iron from tho timber doparl- 
ment, confining the formor to tho original quadrangle, 
and making a now onclosuro in connection with ib for 
the purpose of the carpentors, (In Plato LIX. of tho 
Atlas plans of thoso shops aro given in tho fullost detail.) 
This now enclosure, which is a mero oxtension of tho 
former one, oxtonds ag far south as tho high road of 
approach to the Roorkee Bridgd. It occupies ground 
which proviously had boon a great disfiguromont, from 
its invogularily of surface. ‘Tho filling in of tho oxtonsivo 
hollows attonding upon this irrogulariiy onablod us to 
smooth off and lovel tho whole of the ground on tho cast 
face of tho quadrangle and ironting tho modol-rooms ; 
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‘and tho constriction -of the enclosure, in addition to 
giving space to the workshops, was one of thé greatest 
possible improvements to a site which must otherwise 
have been not only ugly, but offensive, from the usual 
enuses, which in tho vicinity of native villagos affect 
injuriously all ground of this sort. This enclosure, 
which is confined in its striclost sonso to timbor works, 
consists, liko that of the quadrangle before deseribed, 
of an open centrical area, surrounded by shops and 
warchouses resting upon the encircling wall. The shops 
are aveaded in open lines for the use of the carpenters ; 
the warchouges differ mevely in rospect of their being 
fitted with doors dnd means for the protection of pro- 
perty. 

It will be understood from tho position of the 
quadrangle or iron yard, situated as it is on a high 
mound, that it is much elevated above tho canal, which 
passes close by and parallel to it; sufficiont distance 
having beon left botween thom to admit of an oxtonsion. 
to the buildings on that face. Tleve, thoreforo, or on tho 
wostern, side of the old onclosure of 1848, vory oxtonsive 
accommodation, in the shapo of latho-rooms, &e., has been 
built; the higher portion of the ground, or that on a 
level with the existing buildings, being occupied by engine, 
lathos, and machinery; that on the lowor, which con- 
stitutes a basement (with an upper story), boing devoted 
to furnace and boilers, with the sawing machinery. 
The upper story, which lies on tho same level with the 
latho-room, is occupied by the finer sort of smith’s and 
carpontor’s work, The fagade formed bythe above mass 
of building is in prolongation of tho wostorn wall of the 
limbor-yard enclosure, and at a distanco of 40 feet from 
the stops or ghats which line tho aqueduct. Here it is 
intonded to establish quays and cranes in communication 
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with the workshop yard. On tho oasiorn face of tho iron 
yard or quadrangle, and directly opposite to tho buildings 
abovo described, the model departmont, which, as ovigi- 
nally built, consisted of onc room of 40'x 20’, has boon 
inereased by the addition of a room of equal dimensions 
placed parallel and connected with it by a wide aportine 
supported on cach side by pluin Dorie pillars, isolated, 
and flanking circular headed niches formod in the wall. 
This large room is furnished with tables inado of stone 
slabs, and is devoted ontircly to models, to tho library 
which occupies deep recesses placod in uniform positions 
in the room, and to pictures of either public works of groat 
interest, or of men who have distinguishod themselves in 
connection with them. This addition to tho old model 
room led to a projection oqual in oxtent to the sizo of tho 
new building, in fron} of tho original facade; this projoction 
hag been covoréd by a veranda or colonnado corvesponding 
in character with that of the original work; ils contro 
being oceupicd by a clock-lowor, tho basement or lower 
glory of which acts as an ontranco-hall or vestibule to 
tho model rooms. 

The building of the aboyo works oxtonded through 
some years, in so fax that additions and inprovemonts 
adapted to circumstances were constantly in progress. 
In 1849, however, tho most necossary portion, including 
the lathe, model, and engine necommodation, was ontiroly 
comploted, and in L851 the machinery, which had been 
ordered and sent out by the Court of Directors, arrived at 
Roorkeo. This consisted of tho following :— 


1 en horse-power condensing L Screw-eutting Inthe, 8 feet, 
sleam-engine, with boilers, t Ditto ditto, 7 Jvat. 

1 Large planing machine. : 1 Steam aim. 

1 Drilling and boing machine, 1 Serowing machine, 

1 Small chilling machine, £ Blowing fan. 


J Punching and shearing machino, | 2 Grindatones, 
1 Lathe, 12 feet. 
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Saw Macmmcey. 
1 Baulk-frame, 1 8-foet Circular-gaw, 
1 Deal frame. 1 2-feet Crroular-saw. 

No time was lost by Liontenant Allon, aided by My. 
Murdoch, the practical ongineer, in fixing the machinery, 
and in the month of May, 1852, the greater part of 
it was at work, Tor tho delay that took place we aro by 
“no means responsible. By somo mistake or other, tho 
steam-ongino which was sont oub was adapted to boilers 
placed on the opposite side to which the buildings for 
them had been designod. It was therefore necessary'to 
change the direction of -the steam-pipe, the work for 
which could be done at no place nearer than Calcutta. 
This was a great logs of time, although it was economized, 
in  moasure, by completing in the interim the dif- 
ferent arrangements in the machinory-room. The shaft- 
ing attached to the saw machinery, consisting of most 
unnecessary changes of motion, and complicated by these 
changes to a somewhat unaccountable degreo, was con- 
demned, and a simplo and divocb shaft was substituted, 
A nunber of minor objections wore raised, all of which 
had to be corrected, and portions of the machinory itself 
from their weakness had to be stvengthoned, whercby 
timo was necessarily occupied. Tho stoam-engine wag 
a sorvicerble onc, and the machinery, although not of the 
best, being, as the practical engineer romarked, “made for 
oxporlation to the colonies,” has been working ever since 
tolerably smoothly. 

Tn addition to the machinery aboyo mentioned, My. 
Murdoch, tho practical engincer, set up a small two-horse 
powor ongine, which I had purchased many years before. 
This, with a uew boiler (that I had brought from England 
for the purpose) , was, up to tho period of the largo: engine 
being fixed, very usefully omployed in turning twa lathes, 
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a grindstonc, and « punkah, which worked over the 
heads of tho men at tho lathes. Boing high pressure, 
and in all probability mado twonty yours ago, this engine 
was rather complicatod in its parts; it was much worn 
and injured, and since tho removal of tho lathes to the 
yoom constructed ospocially for thoir ugo, has beon laid 
aside, Tho lathes which wore turned by the little 
engine wore brought oul by me from Ifoltzapfoll’s, from 
whom the following articles wore recoived at Roorkeo, 
almost simultaneously with tho arrival of Mr. Murdoch, 
the practical engineer, wnder whom thoy had been 
solected. 
1 Self-acting lathe, entirely of ion, 8 inches contre, for tuning 
works, 6 fect long. 
15-inch centre lathe, 
(Both lathes being complete in all :capects for every variety of 


work.) 
Tools of various descriptions, 


Besides tho above, tho following machines had boon 
purchased for the use of tho shops:— 

16-inch foot-lathe by Toltzupfll, 

1 5-inch foot-luthe, self-acting and screw-culling, by Whitworth, 

I B-inch ditto ditto ditto ditto, 

15-inch self-acting foot-lathe, by Whitworth. 


1 amall 5-inch foot-lathe with common "T iest. 
1 T-inch lathe. 


So that, on the arrival of tho groator hatch of machinory 
from the Court of Directors, the shops wore vory fairly 
supplied with the means for carrying on any work that 
they were likoly to be called upon to porform, 
During the wholo of the poriod abovo-montioned, and 
from tho-date of Lioutenant Allen’s joining the workshopy, 
his nitontion had beon most cnorgotically directed 40 tho 
manufacture of tools, with which proviously the shops had 
been totally unprovided; he had algo propared n yarloty 
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of useful machines for simplifying work, amongst which 
L may enumorate the following :— 


Steam-hammer. 

Superior bolt-screwing tools for hand and rhachine screwing, 
Pimching machine. 

Drilling machine, 

Key-grooving machine. 

Pumping-engine for supplying the promises with water. 
Fonndry tools, 


And he had introduced amongst the native workmon a 
variety of inyprovements, not amongst the loast impor- 
tant being the banishment of the excessive uso of the 
file, and the gubstitution of chisclling. A great deal of 
useful practical improvements ‘had also been introduced 
into the system of forging iron, and into economy of 
fuol. Tho fuol used is entirely charcoal, and the forges, 
previously to tho introduction of the blowing apparatus, 
wero worked by large bollows with hand levors, oxcepting 
in cages whore tho native forge was employed, whore the 
blast is gained by loather bags, to which a nozzle is 
applicd. These forges were ontirely remodelled, and, 
without pulling down the building in which thoy wora 
placod, they wero, by a judicious disposition, brought in 
direct contact with the blast from the blowing machine, 
tho adaptation of which 10 the stcam-engine was greatly 
improved by Lieutenant Allen, who, as in the caso of tha 
saw machinory, changed a complication of shafts into a 
simplo boaring on iho main axle. This now arrangemont 
of the forges gave additional room for working, improved 
the ventilation of the low areaded rooms in which they 
avo situated, and groatly economized space. Tho whole 
of the improvoments that were mado in connection with 
the setting up of the machinory, and with the reorganiza- 
tion of the material depending upon it, appeared to me 
to be very satisfactory. 

During the above period, » brass foundry on a small 
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gealo had boon oslablished, A weighing apparatus similar 
to that which is so frequontly used ab Mnglish twmpikes, 
whore the valuo of tho load is read off in a side room, 
had becn attached to tho floor of the main gatowny 
through which loaded carls onterod. A deparimont of 
paintors, for tho purpose of graduating lovolling rods, &e., 
had been organized; and saddlo and bamess malkors 
carticd on a vory sticcessftl trade in making harmess of 
descriptions, shoulder-straps for the barrow-mon, togothor 
with tho whole of tho leather work requived on an exton- 
sive board of works. 

The shops, up to the year 1851, wero omployed 
ontirely.on tho manufacture of articles required for tho 
Ganges Canal works, which kept thom fully occupied, 
Boats both of wood and ixon had been mae for tho uso 
of » navigable canal which sineo 1848 had hoen in cou- 
stant uso for the purpose of transporting boulddrs and 
building material from Myapoor and tho branch of tho 
Gangos in its vicinity to the Ranipoor and Bahadoornbad 
works, Numbers of carth-wageons had boon made for the 
nso of the Solani Aqueduct embankments, and for tho 
supply of matorial from tho brick maunfactorios in the 
noighbourhood, fixings for rails, and tho iron work 
necassary for keeping up this specics of communication, 
had been in constant progress. Tho works at Dhunowri 
had alyo been supplied with both waggons and rails; 
and the numerous articles more especially in demand 
for sluices of dams, vogulating bridgog, and for all tho 
emergent wants of the works in progress, had been caxriod 
on without interruption. 

Haly in 1851, tho demand for both surveying and 
mathematical instruments ab the Roorkoo Civil Mnginoors' 
College raised a question as 1o the advisability ov not of 
inking advantage of tho Roorkoo workshops in forming, 
jn conneclion with il, a dopartmont for their manufacture 
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and repair, Tho extensive works in tho North-Wost 
Provinces, and the demand that these works occasioned 
for instrwmonts of all descriptions, appeared to point out 
the Roorkee College as an institution in which a dopot of 
instrumonts might be well maintained for the purpose of 
distribution. Roorkee, with its Civil Engincers’ College, 
workshops, model department, and in the immodiate 
neighbourhood of the most intoresting portion of the 
Ganges Canal works, appeared to be in many ways moro 
appropriate to the purpose of depét, than the different 
ordnance magazines scattered over the country; whilst for, 
repair, it was beyond all question more convenient than 
Calcutta. 

Té was proposed, therefore, that the mathematical 
and sciontific instruments now in deposit in tho different 
magazines should bo collected into a well-regulated 
depot at Roorkee. That a stock of the best instimments 
of all kinds commonly required, be maintained by regular 
supplics from Rngland, and that these should be held 
for sale, or for loan on the public ‘service, undor rules 
dyawn up for the purpose and promulgated for general 
information. 

It was further proposed that thero should be a work- 
shop in connection with the depét, for tho repair of 
instruments procured from England, and for the manu- 
facture of such as can be mado in this country, 

The plan was socondod by the following strong recom- 
mendations :—first, tho great demand that existed fox 
such instruments in the North-West Provinces and the 
Punjaub; second, tho insufliciont provision for thoir safo 
custody in the several arsenals, and the delay and risk 
altonding their transmission to Caleutta ;—and it was 
approved of with hardly a dissentiont voice. 

It was observed with regard 10 tho ostablishment of 
this dopét at Agra, as tho head-quartor station of the 
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Nozth-Wostern Provinces, instoad of at Roorkoo, that tho 
latter is in the neighbourhood of tho gront works now 
in operation or construction on tho Gangos Canal, and, 
oven whon these avo finishod, that as works of civil 
ongincoring thoy will, in all probability, bo tho most 
intoresting and instructive of any to be found in India, 
That a large body of sciontific officers aro thore assomblod, 
with skilful artizans, well-scasoncd materials, and power- 
ful machinery for working up thoso matorials, ‘That, 
moreover, at Roorkoo, there is a largo and incroasing 
collogiate establishmont, the pupils of which it is of much 
importance to vendor familiar with ovorything that con- 
corns the instrumonts with which thoy will have to work, 
Agra, although the motropolis of the North-West Pro- 
vincos, and tho scat of tho civil govormment, has nono , 
of theso advantages; it doog not oven contain a supor- 
intending cngincor, or any seicntific officor, oxcopting tho 
oxccutive ongincer of the division. Roorkco, it was main- 
tained, had, on tho contrary, tho greatost facilities for 
carrying out the project. Liontonant A. Allon, of tho 
55th N, T., in chargo of the workshops, was peculiarly 
skilfil in making and yopairing inslramonts, and in iain 
ing up natives to oxceuto such work, Lieutonnut Allon 
had already done much in this way, and his prosenco ab- 
Roorkco had obviated tho necessity of incurring tho 
otherwiso unavoidable oxpenso of bringing ont from 
England a mathematical instrument maker, Much had 
beon dono oven at this time in forwarding-tho progross of 
tho manufacture of cheap and simplo substitutes for such 
of tho more oxpensive instruments ay could be mado up 
easily in this country, and como within tho moans of 
native workmen, It was clearly desirable that tho offorts 
which had been thus invegularly and dostltorily pw forth, 
should bo reducod to order, and systomalically oxortod, 
The delay and annoyance that had boen oxporioneed 
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in tho adjustment of the stcam-cngine, in consequence 
of owr inability to obtain a casting, so as to direct the 
steam-pipo upon the boilers, and to remedy tho defect of 
the machinery as received from the maker, brought pro- 
minontly to my notico the necessity that existed for 
making an iron foundzy a portion of the workshops. Tho 
cage alluded to is worthy of recording, as an example of 
how a mistake, whore thoro are no means present of 
remedying it, may disarrange plans and delay progress. 
In the present cage, the steam-pipe, which ought to 
have had its bearing upon the boilers which were 
placed on the left of the steam-engine, had it on the 
right, so that without an alteration of tho direction 
of the pipe on its leaving the cylinder, tho machine 
was useless, unless the building had been remodelled 
to adapt itself to the engine. All that was required 
was a short bit of pipe, with a bond or shoulder in it, 
This, had a foundry been present, might have been 
made in a few days. Hore, on the contrary, although 
no timo was lost in writing and sending drawings to 
Calcutta, we did not roceive tho article requived until a 
poriod of four months had passed, We had, in fact, to 
sond to a distance of 1,000 miles to got a thing that 
might with easo have been mado at Roorkoo, had a 
foundry been in existence. This, although the first and 
leading inconvenience, was only one_out of a great many 
which gradually showed thomselyes as the workshops 
advanced. In d letter which at this period I addressed 
to the Military Board, it is observed, in drawing attention 
to the above circumstances, ‘‘I am by no means antici- 
pating the wants of cven our cxisting works in suggesting 
that no time should be lost in establishing an iron 
foundry at Roorkee. We require the prosence of a man 
who is acquainted with the art; but beyond this, and the 
construction of the necessary buildings, I do not imagine 
VOL, I. a 
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that the addition of tho foundry to the yard would load 
to any extraordinary exponse, whilst i, would givo ua the 
means of supplying oursolves at once with articles which 
we now at a great cost of timo and carriago havo to 
procuyo oithor from England or Calentla. Tn a lato 
ingtanco, instead of being ablo at onco to supply ot. 
selves with » portion of steam-pipo, wo have beon Loreed 
to sond a commission for its manufacture to a foundry 
situated at a distanco of 1,082 miles from Roorkoo. 
With refoyonco, however, to tho higher advantages aud 
to tho more gonoral application of those workshops 1o 
tho supply of the provinces with ironwork, whethor 
forged or cast, it strikes mo thet tho soonoy the fomndry 
avrangomonts avo entercd upon the bebtor. ‘ho whole 
of the provinces might, in my opinion, and ought Lo bo 
supplicd with iron bridges, roofs, castings, &e., from 
Roorkee ; and whilst Calcutta is tho contrical point for 
tho Lowor Provinces and Bengal Proper, Roorkeo would 
be moro contrically, as well as moro conveniently, situated 
for the provinecs in the north, Tm conclusion, [ muy 
obsarve, that even with referenco to the vost of Maplish 
ivon as fav north as Dolhi, and tho fact that wo eu ab 
present proenvo thet material ab Roorkeo ub a choupor 
vate than we can native iron from Gwalior, 1 am. hy no 
moans satisfiod that in tho oxtonsive distribution of iron 
mines throughout the mountains in immediate approxi- 
mation to Roorkeo, we may not, through a woll-appointed 
agoncy, open ont an ontirely now markob for iron, and 
turn to useful account ono of tho neglected ores of tho 
Himalaya Mountains.” 

Tho ostablishment of workshops and foundry at 
Roorkeo, a placo which was siluated within 15 miles 
of tho Sowalike, and 40 miles of the Himalayas, would, 
i, was supposed, bring into activity any dormant claims 
that tho mincs in tho Timalayas might havo upon tho 


CHAP, VII.] WORKS FOR MACIINERY. 839 


attention of metallurgisis. With forests to supply char- 
coal, and mines to supply iron, tho Roorkee foundry 
would bo independent in its own rosourees, whilst tho 
clays and earth which abound, especially in the Sowalik 
Mountains, would bo a fruitful field of intcrest in the 
manufacture of pottery. 

Tho whole of the abovo viows woro adopted by tho 
authoritios without any demurrer, and having ultimately 
been approved of by thé Court of Directors, thoy wore 
ordered to be carried out as carly ag possible. The 
delay that has occurred in promptly acting on instructions 
which were asked for with such oagerness, arises from 
tho great extent of the works both on the canal and 
college, which has up to the present poriod absorbed 
every brick as well as overy labourer that could bo col- 
lected together. J'vom this cause, tho cxtonsion of 
buildings necessary for tho foundry and other purposes 
has beon most unwillingly placed in aboyance, at loast 
so far that the now buildings have only becn carried on 
as matorial and opportunity offered. Tho designs, how- 
ever, have been well matured, and progross, alihough 
slow, has not been altogethor stopped. 

The correspondence on the subject of this extension 
of the workshops, which commenced in July, 1850, and 
which had closod in the approval of tho Court of Directors 
to tho whole of the schomes which had beon recom- 
monded, led to the following arrangements, which may 
be best explained in the words of a minuto dated tho 
18th December, 1851, and submittcd by mo on the 
closing of the correspondence :— 

‘1. As introductory to the following memorandum, 
it may be better to explain tho views which I hold as to 
the Mathomatical Instrument Deparlmcnt as connocted 
with tho general workshops at Roorkec. I heliove that 
these views are tho same as thoso oxplained in Mr. 

: z2 


340 WORKS FOR MACHINERY. [PART TIL, 


Seerelary Thornton’s Ictier to tho Military Board, 
No. 8984 of 1850, dated the 29th July, 1850, on this 
subject; but as the wholo of tho schome dopends wpon a 
proper understanding of the wishes of tho Governmont 
on this point, it is as well to explain my reading of 
them. 7 

9. Tho Civil Bugincor’s Collogo at Roorkeo ty to 
bo tho dopdt for sorviccablo inslrnmonts, astronomical, 
topographical, motcorological, And mathomafienl. Lt is 
to be under the control of tho principal of the collogo for 
tho timo being. ; 

“3, All instrumonts the property of Government, 
now deposited in store in the magazines or clsowhero, 
aro to bo transferred 1o this depdt, and a supply of thoso 
in most common dcmand is to bo maintainod, nob only 
for the use of those employed on tho public service, who 
will obtain thom undor cortain rogulations to bo hero- 
after defined, but for tho public goncfally ; instruments 
being hold available for salo for ordinary scicntifie opera- 
tions, and for the equipmont of individuals, whother 
publicly or privately organizod for sciontifie purposos. 
Tho prices aro to bo xogulalod by the actual cost upon 
tho office books. Barometers and other instrumonts for 
metcorological purposes, which aro now obtained with 
such difficulty, and for tho want of which so much 
valuablo information has boon lost, will, by these means, 
be always available. Roorkeo, moreovor, is so convo- 
niently situated to the Tfimalayas and to tho most in- 
teresting portions of our Indian territorios, that a dopat 
at that place, offering facilitios for tho supply of inslau- 
ments, is especially valuablo. 

“4, Tho mathomatical dopariment of tho Roorkeo 
workshops will be confined ontirely to the manufacturing 
and repairing of instrumonts for ullimato doposit in the 
flepdt, All instruments recoived from the magazines of 
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elsewhere, will pass through this department previously 
to their being lodged in the dopdt. Is control will be 
vested in the superintendent of the workshops, whose 
transactions with tho principal of the Civil Engincor’s 
Collego, as tho officer in charge of the depdt, will bo 
donducted in tho usnal official form of correspondence 
and record. 

“5, It is understood that by keeping the ‘ depét’ and 
‘department of manufacture and repair’ distinct, and 
under the management of officers independent of cach 
other, the instruments will undergo separate scrutinies 
both in workmanship and adjustment; both of them 
tending to insure the great object of maintaining a 
supply of efficient and standard instruments ready for 
immediate use, 

«6. Tho college, therefore, being undprstood to be 
the * dopdt,’ and the workshop tho ‘ school of repair and 
manufacture,’ I now proceed to the subject of this memo- 
randum, viz., the institution of the Roorkee workshops. 

“7, The workshops at Roorkee would, under a com- 
prehensive plan for making them gonerally uscful in the 
North-Wostorn Provinces, consist of the following depart- 
monts : 

“1, Ivon and Wood for gencral purposes. 
9, Mathomatical Instruments, 
“3, Foundry. 

“8, I would place the whole under charge of one 
individual called the ‘Superintendent of the Roorkee 
Workshops ;’ his salary would bo 600 rupees per month, 
with an office establishment, As an oxceutive officor, he 
would open an account with the Accountant-General 
North-Western Provinces, and his duties would be carried 
on under tho direction of tho Director of the Ganges 
Canal~Vorks and the Superintendent of Canals North- 
Wostorn Provinces. It is indispensable that the executive 
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enginoor in chargo of tho works in the northorn division 
of tho Gangos Canal should havo wulimited powor in 
procuring tho aid of these workshops, and that culls from 
the executive ongincer should be attended to in proference 
to all others: should this not bo admitted, ov not enrried 
owt to itg fullest extent, the oxeculivo onginoor nist 
necossarily fall back upon his own resources, and ostublish 
indopendent workshops for his own supply. 


“YJ, Tron snp Woop ron Generar Purvosus. 


“ This department would consist of the present iron 
and timber yards, in which ironwork for roots and 
susponsion-bridges, &e., timberwork of ull descriptions 
roquired in tho dopartment of public works, und tho 
goncral manufacture of all articles of both ivon and wood 
required in thy different dopartments of the sorvica, would 
be undertaken. 

410. The iron-yard would contain warehouses for , 
tho maintenance of a depdt of hardware, such ax tools, 
locks, keys, hinges, nails, and othor articles used in tho 
department of the publie works. L would nob rostrict 
the sulo of theso articles 40 the public dopartments of 
Governmont, allhough these departments ay a gonaral 
rule, and whon thoro was a doficioncy in store, should 
have the preference, Ono groat object that I would 
havo in view would be to hold ont to tho peoplo of tho 
country a supply of wares of ® suporioy dogcription to 
those mado by themselves ; to introduce amongst thom, 

* at prices which would bo romunorative, tools of a superior 
deseriplion, aud to pub thom in tho way of nob only (by 
inspection of the shops) observing tho Huropean mothod 
of working, and judging of its superiority or othorwise 
over their own, bul of possessing by purchase the moans 
of imitating us, and advancing in a parallel course of 
improvomont. In illustrution of this object, L way mon- 
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tion that 2 large supply of handsaws, which wero procurod 
from England for the purpose above-mentioned, bas been 
disposed of, and articles of a similar description are in 
eagor demand by the native carpenters. I would also 
observe, that the distribution of stores of this description 
would keep up a healthy circulation in tho dopét. It 
would prevent that accumulation of old and obsoloto 
material, which, Iam given to understand, exists to a 
groat oxtent in tho magazines of this Presidency, and 
which, in the shape of the very articles which I allude to 
above, did exist up to a very late period in the warehouse 
of the Executive Engineer of the Ca,ynpoor Division of 
Public Works. In the case of the magazine stores, 
public sales at distant periods reliove the warehouses from 
lumber and refuse material, but at an onormous sacrifice 
to the State; whercas, had the articles not required been 
disposed of from time to timo by private sale, the objects 
to which I have above alluded, and on the advantago of 
which £ place so much weight, would for a long series of 
years havo boon in steady progress. 

11. The military board, in their lettcr to tho Agra 
Government, No. 8,700, of tho bth of August, 1851, 
have, in pointing out that all tho kontledge now lying in 
the magazines might be advantageously collected at 
Roorkee, gone yory fay in approving of the Roorkoo 
shops becoming tho centrical depot of store and supply. 
It strikes mo that, with the oxcoption of articles strictly 
appertaining to the military and avtillery branches of 
the sorvice, overything now in those magazinos lying 
within a reasonable distance might with advantage be 
sont 10 Roorkeo; which as a civil board of works con- 
nectod essontially with oducation, aud established for the 
purposes of supply and distribution, would tum to bettor 
account the stores now in course of reccipt on indont, 
and would bo better able to disposo economically of the 


> 
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old stores, than wore they sold by public auetion at the 
poriodical magazine sales. 

«12. Tho ‘timber-yard’ would in the samo way act 
as a depdt for wood of all descriptions, espocially saul 
(Shorea robusta); and the proximity of Roorkeo to tho 
Sowalik forests, as well as to tho Tfimalayus, would 
oxtond tho benefits of this yard as a wood depit, hy 
enabling the superintendent to keep up a supply of many 
useful hill articles, especially woods which are at present 
little known, and whoso value is (from the difficulty of 
obtaining thom, and in many eases from the ignorance 
of thoir oxistence) less appreciated. A truo box (furs 
emarginatus) ig casily procurable from tho uoighbourhood 
of Landour; it appears to be of oxcollont quility, and is 
likely 10 bo servicoablo to tho wood-ongraving dopart- 
ment of the college, Both tar and turpontine from the 
pinus longifolia (cheer) of the Sewaliks aro to bo mado 
with the greatest case, and, ay unadulteratod, avo moro 
likely to offer a botter and a cheaper supply than thoso” 
imported for tho magazines, Cordage materials, vosins, 
dyes, and an infinity of materials, useful in both arts and 
manufactures, might bo brought into general circulation 
through the medium of this dopot, 

“18, The connection botwoon the Cangos River ab 
urdwar, and tho workshops by tho Gangos Cunal, 
would, by giving tho means of floating down ratts of 
timber, enable the dopdt to be suppliod with n varioty of 
woods from the interior of the Tlimalaynas. Doodar, ash, 
walnut, and woods indigenous to tho temporate climate 
of the interior, might by theso mons be collected at 
Roorkeo, By an cconomical distribution of time and 
labour also, theso rafts might curry supplies of cordago 

* During my superintendency of the Eastern dumna Canal, a tar 


manufactory was constantly at work at the asouth of the Kaloowala 
Pass of the Sewalik hills. 
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matorial, and I have no doubt that at a very carly period, 
a correspondence having been established between 
Roorkee and distant points in the Himalayas, numerous 
products would come to light which at present ayo un- 
known. I might here allude to tho great variety of 
clays, many of them I have no doubt available for 
pottery and for other uscs, which oxist in the Sowaliks 
and in their neighbourhood, and to the advantages that 
we should derive from the presence of an officer with 
the talents and energy of Dz. Alexander Hunter, of the 
Madvas Medical Service, whose researches in the natural 
resources of his own presidency, in doing honour to him- 
self, and to all whom his example has carried with him, 
ought to stimulate us not to be behindhand in a field, 
I have no hesitation in saying, of equal, if not greater 
importance than any in the British possessions of India. 
To carry this subject further would be foreign to tho 
object of this paper; but the Industrial Exhibition and 
Dy. Royle’s pamphlet on the proposed contributions from 
India will, to all who are interested in rescuing the 
natural products of a largo extent of country from thoir 
present obscurity, show what an active agent the Roorkee 
workshops may becomo, in not only doing this good 
work towards tho Himalayas, but also to the provinces of 
Upper India. 


“TT. Marnematica, DeparrMenr, 


15. It having been decided that tho depot for sur- 
veying and mathematical instruments should be attached 
to the college, and that tho manufacture and repair 
should be a soparate dopartment of tho Roorkee wor'k- 
shops, we have mercly to teke into consideration tho best 
moans for carrying out tho latter object. 

“16, This object has boon described in the Honour. 
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ablo tho Iicutcnant - Governor's Minuto, dated tho 
21st of May, 1850, as follows :-— 

6.) Lhe manufacture of instruments dn common use, 
and generally made up in this country, levelling staves, 
perambulators, chains, plane tables, wipod stands, dic. The 
invention and formation of cheap substitutes for en pensive 
machinery: og. common carpenters might make up plane 
tables, quadrants, and levelling instruments, whieh would 
enable an inyenious man lo observe with a considerable 
approach to accuracy both horizontal and vertical angles : 
water or T' levels for levelling ; giving a larye seope for 
ingenuity in popularizing the materials for seientifie ve- 
search. 

“Gi The repair of surveying and mathematical in- 
struments.’ . 

“17, With roforpneo to tho first itom, without dis- 
cussing the advantages that would be dorived from mnin- 
taining a depot of articles as enumerated above, both by 
the canal officer and the civil onginecr, the simple fact 
of readily supplying the one with lovelling staves, or tho 
other with chains, would gain their sympathy, Lovol- 
ling staves on Gravatt’y plan of graduation aro now 
mado by Lioulenant Allon in a mamner equal to any that 
could be turned out of a London shop. Chains aro also 
mado equally well, and both theso articles havo tho 
advantago of being graduated and compared with a 
standard. Of the facility, therofore, for carrying out this 
firsL object of his Honour’s Minuto, thoro can bo no 
doubt whatever. 

“18, Tho difficulties in which an officer is placed in 
these provinees from the want of the mouns of laving 
instrumonts ropaived, has beon woll pointed out by 
Colonel Kvorost, in the prefaco to his last work on tho 
Indian Moridional Ave. Colonel Evorost has shown 
what can be done by a man of skill and intolligonco, 
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who, when perfectly acquainted with its construction and 
value, finds himsolf in the midst of a wildorness, with an 
instrument almost hopelessly broken or disarranged: a 
circumstance to which he is perpetually liable. It is in 
gelting vid of difficultios of the sort alluded to that the 
Roorkee shops will be usoful, and it is hoped that, by an 
institution similar to that now proposed, theso provinces, 
vomote as they may be from either the metropolis of 
India or from tho skill and manufactories of Europe, 
may hold within themselves the means of not only re- 
pairing, but also of making instruments. 

“19. The making of instruments, however, is a 
question upon which a fow remarks may be necessary. 
Ti is not presumed that the mathematical department of 
Roorkee will, during tho present period, or even for 
many years, compete with Europe in making the more 
complicated apparatus attached to tho astronomer’s obser- 
vatory, nor could it protend even to a competition with 
the professed mathematical instrument maker, cithor in 
tho best description of surveying circles, or in the instrm- 
ments attached 10 tho drawing department. I believo 
that, oven wore the Roorkeo shops provided with efficiont 
men, it would take some time before the complicated 
machinery necessary for the manufacture of articles in 
largo quantities, would enablo them to compote with tho 
English market. Every one who is acquainted with tho 
extraordinary paticnce of the native artificer, the delicacy 
of manipulation which charactorizes his handiwork, his 
capacity for observation, and his powers of imitation, will 
agreo with mo in appreciating the valuo of the matorial 
that wo hold for progressive improvement. Without any 
groat strotch of onthusiasm, I may predict that wo shall 
not only be able to compete with Huropo in tho quality, 
but (from tho cheapness of native labour) undersell it in 
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the prices of instruments. I consider thet the prosent 
ongincor of the shops is peculiarly qualified to carry 
out the objects of tho Tioutonant-Governor’s minuto ; 
and if ho is allowod the oncomngomont thet 1 would 
propose to give him, tho progressive advance which 
ig alluded to above will, in all human probability, bo 
cortain. 

“Ono of tho first articles which would bo necossary 
for the purpose of instrument making, is a dividing 
apparatus, which might bo procured from England. 
Should there bo any difficulty thrown in tho way, I am 
satisfied, and in this am borno ont by others, that a 
short time only’is required 10 provide onrsolves with 
ono of ow own making, It is vory satislielory to mo 
to be able to place this opinion on record; bub 1 do #0 in 
perfect confidenco that [ shell not bo mistaken. ‘ho 
cost of an apparatus of tho sort above-montioned may 
be, I understand, about 10,000 or 12,000 rupeos, 

* Additional and goparate accommodation will be vo- 
quired for this departmont, although such arrengomonts 
aro proposed to bo made ay will censure conrprcbnoss, 
and placo tho shops which ayo specifically for matho- 
matical-instrumont purposes, in inmiodiate eomoxion 
with the gonoral shops. 

“Tioutenant Allon, with whom I havo consulted, and 
who is cognisant of tho contonts of this memorandum, 
considers that two main rooms of the following propov- 
tions aro indisponsable : 

1 Finishing-100m for metal work, 70! x 20'. 

1 Carpenter’s and blackamith’s workshop, 100! x 20, 
Thoso, with small rooms attached, muy be casily gninod 
by additions and allerations in the immediate neighbour. 
hood of the ongincers’ offico voom in tho oxisting build- 
ings. They must be uppor-storied rooms, und this may 
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probably lead 40 expense in the necessary modifications 
for adapting the present lower storics 10 a suporstructure 
for which thoy were not intended. I do not think that 
the cost can bo estimated fairly at loss than 5,000 rupees; 

it may, however, be less; Licutonant Allen considers 
that 3,000 rupeos will cover the whole. 

“T would endeavour to make it understood, that the 
means at our disposal in the general workshops, described 
as iron and fimber yards, will bo available for the mathe- 
matical ag well as for the foundry department, tho whole 
being one institution and controlled by one head. The 
mathematical instrument shops, however, will require 
certain specific appointments ; and tho following articles 
may in a general way be considered indispensable :— 


2 Travelling mandul fathes ‘ (say) £60 
1 Set of taps and dics similar to those used. by Messrs. 
‘froughton and Simms . . . 60 
Grinding and polishing apparatus, polishing powder, &e. 45 
Sinall tools, table-vices, drills, saws, Ge. ‘ . 


Small Stores.—Materials and parts of instruments ready 
made, with a view to more immediate 1epairs, par~ 
ticularly of instruments to be received fiom the 
magazines, viz. , object-glassds, brass tubes, steel and 


brass wire, gheet brass, &e. &e, . . . 80 
310 

Cost of carriage, &e. . . . . . - 80 
Grand total Gi 4 : ; £390 


Or say that a sum of about 4,000 rupecs will be required 
for original outlay on these articles. 

‘Licutenant Allen considers that, in the more impor- 
dant division of establishment of artificers, viz., tho 
workers in metal, five men, possossing the requisite skill, 
might at this momont be obtained from the workshops, 
and that an equal number might be collécted from tho 
provinces, who, afler a little instruction, would be fully 
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eapable of working in tho mathonutieal instrnment 
dopartmont, but tho training of an officiont ostablishmout 
will require timo, and the amount of work tdortaken 
must bo proportioned to tho growth of tho ostablishmont, 

“Lioutonant Allon, however, sugeosts that tho fol- 
lowing scalo of cstublishment may bo adequate, whon 
fully trainod, for the performance of tho work voquired 
for tho first fow years +— 


Smevits, 

nA, 
1 Mistry ai 30 vs, per month . “ 30 
2 Smiths at 20 55 : 5 F . 40 
4, 15 » ‘ : : ‘ 60 
6 ” 12 ” : . : ¢ 72 
6 y 8 ” . : ‘ 48 
Woy ” es tie 

5 ' ‘ ‘ ‘ 

n ”» pices Bd 9 


Canrenvers, 
1 Carpenter at 16 ra, per month ' . , 16 
6 9 


as eee i eg! cas ae, tate 

4 i 8 i" ' j ‘ ‘ 32 
—- 120 
Total Co.’s 18. per month ; . 4 _ Abe 


Both as vogards amount of salary and aamnbers of indi- 
viduals omployed, the appointimont of the sbove pooplo 
would be progrossive, Romarkablo instances of skill end 
talent ought, however, 10 bo rewarded and sceurod abo 
higher payment than is noted in tho above sealo; and I 
would give overy oneonragoment by increase of salary, to 
thoso who obtain-from the ongincer of the shops a eorti- 
ficato of the highest qualifications. I would, moreover, to 
men of this deseription, hold out » periodical inereaso of - 
salary, say at tho termination of evory fivo yorrs of 
servico, on any fablo of rates that might be doterminod 
on, Ii is the uttor want of prospect in tho prosent 
system, thet provonts us from obtaining tho servicos of 
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educated men, who, on the first opening in nother 
department Icave us to better themselves. 

“Ag abovo described, the mathematical department 
would lead to tho followmg cxpense, say— 





RS. 

Buildings. < ‘ . : . §,600 
Tools : . , : 2 . . 4,000 
Dividing appuatus : . 7 : . 11,000 
Total Co.’s rs. . : ‘ » 20,000 


with a monthly ostablishmont amounting to Company's 
rupees 462. 


“TIT. Founpry. 


“Thavyo in the list of oslablishment includod that which 
may bo required for this branch of tho workshops; but as 
I consider that the ceonomical value of a department of 
this sort depends entirely on the adoption of both the 
metal and fuel which ave available in the neighbourhood, 
and not in the importation of European products, whether 
iron or coke, T would commence operations on a limited 
scale. I would recommond that tho planning and ining 
out of the worlhops should bo designed on an anticipated 
establishment of a foundry, and in tho meantime I would 
prosecute all inquizics as 10 the nature of tho iron to be 
procured from the Himalayas, and from tho mines to tho 
wostward of India; as to its cost on delivery at Roorkee ; 
and as to ity comparative merits, both practically and 
economically, with tho iron in use élsewhere. I have 
begun to collect spocimons of the different iron ores and 
metals of the Himalaya districts, and, in connexion with 
the Museum of Economic Geology at Roorkee, to form a 
valuable groundwork for analysis and oxperimont. A 
groat deal may be dono by degrees in carrying out this 
examination, and practical oxperiments may be made in 
tho use of charcoal as fuel for the purposes of a foundsy. 
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In smolting iron, charcoal is oxtonsively used in difforont 
parts of India, and up to tho ond of tho lust contury was 
yory gonorally usod in Mngland. Tts value for casting 
rests moro on its economical rosults than in iis dusuf- 
ficioney for tho purpose. I have in a dingrun below 
shown tho position that a foundry would hold on tho 
workshop promisos: ib would constitute x completion of 
tho buildings, as counceted with tho mathomatical, and 
thoso for other purposes on tho northern face of the 
present enclosure. 


Diagrams 126, 
PLAN, 
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SE 
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“Che dotted lines show the position of the fomdry 
with the mathematical instrament buildings on tho west. 
Othors for gono'al purposos on tho north oxtond over 
the deep descont of the ground, as shown in the section, 
T would oceupy the lino ab A with quartors or rooms 
for tho accommodation of the practical cuginoors and 
Europeans attached to the workshops, the presence of 
whom near at hand, oxporicnee hag shown to mo to be of 
the greatest valuo. Tho lower stories gained by tho 
peculiar fealures of the ground, would enablo this sorb of 
accommodation to bo managed vory satisfactorily, he 
design drawn out in detail can, if necessary, bo submilted 
hereafter ; but I should estimate tho cost of the whelo of 
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those additional buildings, not including the mathe- 
matical shops, to which I alluded bofore, at under 
10,000 rupees.” 

The following table oxhibits tho amount of monthly 
ostablishment that was proposed in the above memo- 


randum :— 
“ SUPERVISION. 


Superintendent of workshops. : ‘ os. 5008 
Deputy superintendent of workshops . . . 300 
Total ‘ : ‘ i ‘ » 800 
Enauist Orrice. 
1 Book-keepor . . . : ‘ 150 to 200 
1 Assistant book-keeper . . 120 
2 English writers at 40 rs. each, or Lat 5018, & Lat 801s. 80 
4 Chuprassies (1 at 6 rs., 3 at 6 a) . : . Bl 
1 Sweeper. , ete “age eget 
Total ‘ 2 : : : » 425 
Native Orrice. 
1 Native assistant . . * 7 A ‘ . 50 
1 General storckeeper é . . . + 20 
3 Mootsuddics . . 24 
1 Invoice and despatch-keoper Tron yard) ' . 1b 
1 Do, do. ti yard). » 
Total . , eos x ' » 124, 
Iron Yano, monupine Matiematican DerartMent. 
1st Foreman 3 F 5 » 250 
2nd Do. Practical men. ‘ : . . 200 
8rd Do. . do, 46 . 180 
1st Mistrie . . é 2 . : ‘ » 80 
2nd Do. . . . : . ‘ . - 80 
8rd Do. c . F . : : . . 16 
4th Do. ‘ ‘ ‘ . aed . 
2 Smiths at 20 rs, each. . . eer » 40 
4 Do. 16 , : ‘ ‘ ; . . 60 
8 Do 12 4 . : ‘ : ‘ . 96 
8 Do 10 ,, on a . , : . 80 
20 Do. 8 4 Senih. wie. Ue”, oe 7100 
36 Dao 6 x oa oe ee BIE 
36 Do 6b, : Q - * ‘ . 180 
20 Labourers at 4 ,, . 4 A : . » 80 
Total . . 1,600 


: * With siaeching Alibris 
VOL. I. AA 
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Trmer Yarn, 
TA, 


1st Foroman (Assistant. overseers) 5 ‘ : » 90 

2nd Do. ditto : . . » 

Ist Mistrie . . = . : . : . 25 

Ynd No, é 7 - ‘ : . : » 16 

8rd Do, 7 , ’ 5 . . . - ld 

4th Do, ‘ ‘ . . . {2 

6 Carpenters, at ‘1298. ouch 7 . ‘ . » 72 

1 Do. 10 4 he Se a SLND 

20 Do. 9°. a 1) 

20 De, 8 See HO 

20 Do. 7 y Coe ee MO 

20 Labourersat 4 ,, . : 4 ‘ . 80 
Total i : ‘ ‘ . 1,009 

Founpny. 

1 Voreman s 2 ‘ ‘ ‘ : i 

1 Assistant foreman. : ‘ : ‘ . . 

1 Tend mistrie . . ‘ : , : . 

4 Assistant mistries . 7 ; . . . : 

2 Carpenters. . a : . A 

6 Laboureis, stokers, &o, ‘ : . . ‘ , 


“The proceding list includes all the esteblishmont that 
will bo required in tho office, iron and timbor yards, 
and the mathematical department, T havo inclulod tha 
mathomatical department ostablishment in the goncral 
ligt for the iron yard, as tho employment of tho wholo is 
of ono nature; the detail of tho estublishmont for the 
mathematical dopartment was givon bofore. 


“ TV.—Worksior Orrin, 


“ Superintendence.—Tho dutics of tho suporintondont 
and deputy aro of a highly responsible nature. lo high 
acquirements ag mechanical engincers must bo added 
the habits of order and systom, which will onablo thom 
to take charge and regulate the distribution of stores of 
every doseription attending upon tho shops. 1 would, if 
possible, gscloct covenanted servants for these appoint- 
monts; but in tho diflieully of procuring mon of thig 
class, I would cndeayour by ® liboral sulary and ivoat- 
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ment, to obtain the services of professional men from 
Europe. Tho superintendent would, of course, have 
tho control of the whole, but the deputy who serves 
under him would, under the plan that I propose, be 
specifically in charge of the mathematical department. 

‘Their salaries as covenanted servants would be:— 
superintendent, 500 rupecs per month, with 100 rupees 
marching allowance; deputy superintendent, 800 rupees 
per month. Tho marching allowance of the superinten- 
dent is intended to cover charges for inspection of timber- 
cutting in the forests, and works of that nature, to which 
his attention will be frequently directed. 

** When uncoyenanted servants (professional men) are 
employed, their salaries might be left for adjustment at 
the period of appointment. 

“ Tinglish and Native Ofice.-—It will be understood 
from what has been said before, that the institution of 
theso shops will ontail upon the superintendent the charge 
of not only an immenso quantity, but of a most varied 
description of machinery, implements, and stores, the 
responsibility of which, both in receipts and issues, will 
rost with himself. I¢ is my opinion, thorofore, to prevent 
disappointment of any sort, and to give the superin- 
tendent fair play, he must havo at the head of his office 
a first-rato book-keeper, The necessity of having a man 
of this sort is evident. The appointment is one, in 
fact, that is intended to rolieve the suporintendent from 
the drudgery of detail, and to place him in the same 
position, and to give him the same advantages in his im- 
mediate engineering duties, which the Commission for the 
Department of Public Works contemplated in relieving 
the executive officers of works from their duties as account- 
ants. To obtain the services of a man of this description 
it might be necessary to offer a highor salary than is 
now accorded to accountants of divisions; and to retain 

AA 
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his sorvicos, I would hold out to him a periodical incroasa 
of salary. Tho salary might commoneo at 150 rmpeos or 
200 rnpoos por month, agreonbly to tho quulifientions of 
the individual, with an incroase of 50 rapoos & month at 
tho end of overy five years of approved good pervico, 
Tncroase to bo authorized by the Government on certi- 
ficato from the superintendent of the shaps. Who 
assistant book-koopor or accountant would naturally look 
to the higher appointment for promotion. 

«Tho two English writers would consist of one for the 
iron and timbor yards, and onefor tho mathomatien dopart- 
mont. Tho Native Offico docs not, I imagine, requive my 
oxplanation, Tho head native assistant would control all 
tho native accounts and proceedings in tho yard, with ono 
gonoral storckeopor, and two invoico and despatch 
keapers for the separate Aepaehnonss of the iron and 
the timbor yards. 

“Tho throe mootsuddies would bo used in dotached 
duties, and in paying workpoople. Those mon would also 
look for promotion to tho higher appointments. Tha 
chuprassics and swoopor could nob be disponsod with, 
the former for the snporititendent and deputy, for 
mossagos and othor purposos, tho latter for tho eloansing 
of tho office and rooms, 

‘ After a caroful oxamination of ther obnrus aud dutics 
of these shops, I do not think that tho above office osta- 
blishment could possibly bo placed on 2 lowor footing. J 
bog, however, to lay groat stress upon the prosenco of an 
officiont book-keeper, without whom there will bo noithor 
ordor nor vegularily, It is, moreover, cconomy, 4o muko 
liboral azrangomonts for an offico of this sort, upon whieh 
go much of onr succoss doponds. 

“The list of ostablishinont submitted for tho iron and 
limber yards is supposed to moot the wants of tho shops, 
if kept at work up to the full moans allowod by tho 
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machinory and oxtont of the forge and shop accommoda- 
tion, The entorthinment of the members of the different 
grades would be a gradual process, and would not be 
acted upon all at once. 

“ The foroman and his two assistants ought to be well- 
educated artificers, and be entortainod for general service, 
and under no restrictions whatever as to dutios, as long 
as they wore confined to the shops and their wants. 
Agreements for specific work, or for duties under a 
specific title, appear to bo open to inconvenience, as has 
lately been experienced in the Roorkee workshops, where 
aman, who in his written agreement professed to serve 
as an ‘assistant practical engincer,’ (and who, from the 
position of Roorkee, had not only had his passage from 
Calcutta paid by the Government, but had received two 
months’ salary in advance), refused on his arrival at 
Roorkeo to do work oxcepting under his own ‘notions,’ 
as ho called his own views, of the dutics of an assistant 
practical engineor. 

‘Por tho ostablishment proposed for the timber-yard, 
tho remark mado above, on tho subject of its being suffi- 
cicnt for prosent demands, and of its gradual ontertain- 
ment, equally applics. The foromen [ would soloct from 
thoir practice and knowledge of trades ag useful to our 
object. I have no doubt that two efficient men could be 
easily sclocted for the purpose from the army. These men 
might remain on tho town-major’s list as assistant 
ovorseers; or, if procured elsewhero, might receive the 
salary noted on tho list. 

“T do not think it necessary to recommend any im- 
modiato entertainment of men specifically for the foundry 
department, for tho reasons before specified. The 
establishment which we hold at present, or, rather, that 
which is recommended for the iron and timber yards, will 
givo us fall powers for inquiry and exporimont, and will 
provide us with the moans of procoeding ou bettor data 
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than wo have at present, at somo future and somo onrly 
opportunity.” * 

To the esbove memorandum, the following abstract 
of the oxponditaro proposed to bo inewred, both in 
inereasod accommodation and monthly osloblishmonts, 


was apponded :— 











TS, na 
Buildings for Mathematical Department . . 6,000 
Do. for Foundry : 7 A ; « 10,000 
15,000 
Tools, &e., for Mathematical Department. 4,000 
Dividing Apparatus for Mathematical Department 11,000 
15,000 
Jotul original expenditure." . ‘ 80,000 
Curren Monrnny Exrixprrure, 
Suporvisi Salaries , . . Fi . 800 
ape Marching allowance ' . «100 
— 900 
» (English . wo = ts . ' + 425 
one { Native ee ee ae ee | 
aa «BAD 
Practical working { Tron yard, Ge. ' - 1,600 
establishment, | ‘Timber yard, &o. . , » 1,009 
——- 2,009 
Total cost of monthly establishment , «4,088 


Tho Roorkeo workshops, which, up to tho 81st Octohor, 
1852, oxisted as a component part of tho Gangos Crnul 
works, wore, from the 1st of Novombor following, or from 
the commencemont of an official hall-year, soparatod from 
them, and placed under tho suporintondonco of Lioulonant 
Allen, subject to the control of tho Director of the Gangos 
Canal works,.&s an instilntion for tho use of tho North- 
Wester Provinces, mdor the following ordeys -— 

That there shall bo a mathomatical instrument shop 
and dopartinent for tho supply of all instrimnonts to tho 
provinces north of Allahabad. That requisitions shall be 
made on indont, thoyo in tho survey dopartmont on tho 
countor-signatnre of tho surveyor-general, thogo in othor 
departments on that of tho seerotary, Military Board, 

That there shall bo au iron and timbor-yard for tho 
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purpose of supplying, when such can be dono econo- 
mically, all articles required in the public departments, 
That this iron and timbor yard should relieve the gun- 
carriago agoncy at Futtigurh, under emergoncy, in tho 
manufacture of instruments for ordnance purposes, tools, 
locks, &. ; in the supply of tar, and 2 variety of articles 
at presont supplied from England and from the commis- 
sariat department. It should relieve the Cossipoor 
foundry in the manufacture of fire-enginos, forge and 
gun implements, weights, gauges, moulds for rockets and 
portfires, Iathes, &c.; and it should be a nucleus for 
supply to the country of good serviceable articles at fair 
rates, on private purchase for private purposes. 

That there should be a foundry for the purpose of 
supplying castings to tho provinces north of Allahabad, 
and of being of general service on omergency. For this 
purpose tho establishment aboyo recommended was 
sanctioned ; with a scale for the foundry as follows :— 


1 Foreman, per month . : ‘ . : . 150 
1 Assistant foreman, per month ‘ . , . 100 
1 Head mistrie, at 30 rs, per month . . . » 80 
4 Assistant mistries, at 15 x9, per month . . » 60 
2 Carpenters, at 10 rs. per month =. . » 20 
6 Labourers and stokers, at 4 ra, per month «Oh 

Total monthly establishment for foundry » 884 


For the purposo of the mathematical instrument 
shops and foundry, with other appended buildings which 
tho circumstances of tho case appeared to render neces- 
sary, especially in warchouse room and extended accom- 
modation for the shops in general, the following amount 
of exponditure was authorized :— 





RS. 

Mathematical shop building . e ° F - 6,000 
‘Tools for ditto 5 . 4,000 
Warchouses, foundry, with contingent buildings . 15,000 
Total : . ‘ . ‘ « 25,000 


With reference to detail on recoipt and distribution, 
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it was dotorminod that all instruments reecived from tho 
magazinos or from other deparimonts, whether uow or 
old, should bo transmitted in the first instance direct to the 
superintendent of the workshops, to be by hin examinod, 
and, if necossary, repaired. Tho superintendent having 
satisfiod himself that tho instramonty so received wore in 
officiont order, and in a propor stato for distribution, 
should hand thom ovor to the principal of tho collego, 
taking his receipt for tho samo. ‘Cho principal would 
then, cither on tho report of a commitieo assembled Lor 
that purposo, or (if such might bo considered sufficient) 
on his own examination, receive them into the depét, 
and from thence issue them to the different deprrtincnts, 
on the counter-signaturo of the surveyor-goucral in tho 
case of the survey doparimomt, on that of the Military 
Board otherwise. This will, of course, necossitate tho 
building of storc-rooms, which is included in the above 
ostimate of 6,000 rupoes, 1,000 rupocs in addition to my 
original estimate having been added for that purpose. 
For tho ineroased quantity of stores, &e., which tho 
new system would call for in tho timber and iron yard, 
an additional 5,000 rupees, which is included in the third 
item of the dotail of cost above given, was added to the 
cstimato, ‘Tho arrangomont for the recoipt and distri- 
bution of those stores was, that thoy should bo issued 
(as is at prosont tho caso in the magazines) on indent 
countorsigned by the Military Bond; omorgent indents 
being (in congyequenco of the distanco at which the Bourd 
is situated from Roorkeo) immediately atlondod to by tho 
surporiutendont, who is to report the sama without logs of 
time to tho Military Board. With regard to tho Gangos 
Canal works, it was vuled that thoy should hold 1 prior 
claim upon the Roorkeo workshops, and that thoir 
demands for work or stores should supersodo all othors. 
That tho officer for tho timo boing holding executive 
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charge of tho Northorn Division, as well as tho Director 
and Superintondent-Goneral of Canals, shonld have unli- 
mited power in procuring the aid of tho workshops, and 
that calls from those functionarics should be attonded to 
in proference to those from any other quarter. 

The systom of accounts which I recommended was 
that adapted to a manufactory, as carried on by private 
individuals, tho plan of which was suggested and tho 
detail drawn up by My. Marten, tho hoad assistant in the 
office of the Director of the Ganges Canal works, whose 
plan of accounts for the department of public works was 
so highly spoken of by tho committec of inquiry into 
that dopartment undor tho presidency of Major Kennedy. 
This plan of account keeping will be found in the volume 
of tables, 

The dosign of accounts, and the system of dealing 
with individuals, public or private, was to got rid of the 
delays which had usually accompanied the purchase and 
receipt of articles through the Military Board. Cash 
payments and scttlements of accounts for articles supplied, 
instead of procrastinated paper records, with settlomont 
indofinitely postponed, wore tho corner-stone and basis 
of the wholo structure, It was founded on the propriety 
of having all accounts sottlod at once, and of making the 
shops at Roorkee a depot, from whence all implements and 
stores required for the publie works might be purchased 
by executive officors, who would buy, pay for, and charge 
to their account at onec in the bills for works upon which 
thoy woro used or expended. It would reliove the oxeentive 
officer from the uncertainty which he has always been in, 
as Lo the balances against him in the ordnance books. 
lo would proceed from year to year with a clear balance- 
sheot, and whon his doparture from office, or period for 
taking farlough arrived, he would at least be freo from 
any auxicly on the subject of unoxplained arrears. 
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On tho ist November, 1852, therefore, tho work- 
shops at Roorkee commonced a now sories of indo- 
pondent dutics, althongh their connexion with tho 
Ganges Canal works thon in progross, and their oec- 
pation on wood and iron work solely for cxnal purposes, 
would for some yoars curtail their gonoral usoluliess, 
Tho cnormous demand for bricks not ouly for tho Solani 
Aqueduct, and the work directly apperluining to tho 
Ganges Canal, but for tho college buildings aud numerous 
bungalows under construction for students, rondorod ib 
quite impracticable at that poviod 10 make any activo 
movement in tho building which was called for by the 
newly-organized institution. Ab that timo, therolora, 
the shops wero necossarily limited to thoir ongngomonts, 
and to tho accommodation that thoy previously had. 
The designs for the new buildings, however, were placed 
in the hands of tho oxeeutivo ongincer, so that when 
opportunity offered he might carry thom on, if only by 
slow and gradual means. ‘This has, in fret, boon done. 
The basemont stories of tho northorn faco, a woll, and 
certain other buildings attached to tho foundry and 
mathematical doparimont, have been in slow progress. 
Tho clearing off of tho Solani Aqueduct works, und tho 
completion of tho collogo buildings, both of which mnfor- 
tunately had to bo simuliancously carried on, will lead to 
the rapid finishing of all the buildings and improvomonts 
required for the shops. 

In the moantimo tho arrangemonts for the rocoipt af 
instruments from the magazines, and tho establishment 
of the depot at tho college, havo beon necessarily placed 
in aboyanco. In fact, ab tho period that 1 am writing, 
although a good deal of tho initiative prococdings have 
been gono through, and the gromdwork has beon laid 
for ultimato progress, theso workshops aro ossontially in 
their infancy, and may bo considered ay by no moans 
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introduced to the public as an establishment for gencral 
utility. 

Boforo closing tho account of the workshops in their 
new position, I may remark on the arrangements for 
monoy advances, and tho possession of capital, as wo 
may term it in this case, which the superintendent of 
tho shops holds for carrying on business. 

As on the separation of the shops from the Ganges 
Canal works, nearly the whole of tho work done by the 
shops was for the canal, The executive engineer of the 
northern division of the works was directed to make 
advances of even sums of 10,000 rupees, these sums 
boing, in fact, advances on a running account that must 
necessarily exist between the canal and the workshops. 
The samo system would be adopted whore any public 
establishmont drew largely or regularly on the Roorkee 
workshops for supplies. Advances, for instance, must 
_be mado to tho shops for the manufacture of fixe-engines, 
lathes, and tools, for which orders are received from the 
Military Board. In the latter cage, and in all others 
where articles ave manufactured for the general purposes 
of the Stato, theso advances would be made by assign- 
moni given by the Acconntant-General North-Western 
Provincés, in the same form as assignments are now 
given to tho canal dopartmont for current expenses, viz., 
by application by the superintendont of the workshops 
to tho director of the Ganges Canal works, who would 
hold in his hands the power of acting on an annual 
assignmont granted by the Government on an annual 
ostimate submitled by tho superintendent of the work- 
shops through the director, The amount of this annual 
ostimate in the carly period of the shops’ operations 
must nocossarily have boon uncertain, It was clear that, 
if advances wero received in the workshop treasury from 
public departmonts for ovorything manufactured for their 
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uso, or if everything manufretured for gonoral uso was 
sold to the publie, tho only assignments Lhab tho Goyorn- 
mont would be called upon to give would bo a cortain 
capital in the first instance to carry on tho manufacture 
of articles and for monthly cstablishmont, Tho first of 
these would bo gradually decrorsed in amonnt as tho 
sales of articles 400k placo, and tho later would in all 
probability ccase, from the factory being ble to pay 
its establishment from its own vecoipis. At tha com. 
mencement, and during the carly period of progyoss, tho 
following arrangemonts wero determined on +— 

1st. All purchases of shores, such as iron, ltimbor, 
&e., should bo made on ostimated advances, for which 
ww. application for am assigmmont would bo submitted 
by tho guporintoudont on tho ist of May annually. 

Qnd, That all purchases of machinery or hnploments 
required for tho different dopartmonts of tho workshops 
should be procured in a similar way; in tho way, in 
fact, which is now done olsowhoro, viz., by submilting 
am application to Government for permission to purchase, 
and by obtaining an assigrunent for tho purposo. 

3rd. That mnlil wo hold botlor data than wo havo 
at prosont, tho average cost of labour and sundries for 
tho last twelve months, including the ineronscd avlary 
to superintendent, &e., should be takon ag the probable 
monthly expenditure on these items, and that powor 
should bo given to tho director to grant poriodical asnign- 
ments in sums tho total of which should not oxeced that 
monthly average. 





uA, Ay on 
Average expense per month on labour and 
stndtica 7 . a ‘ . » 6800 0 0 
Aveige expense per month on regular 
estulishment . ° . ‘ » 1,500 0 0 
Total per month . . » 8000 0 0 


i rtenenerneereney 


Total por year us . 96,000 0 0 
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Tho total per year, as above noted, being the amount 
of expenditure for which an annual assignment will be 
granted. 

On tho above rulos, and with tho anthorized sum nag 
above noted, the Roorkee workshops have been earricd 
on up to the present period. The arrival of a successor 
to the practical onginocxy who accompanied me from 
England, and who yotwned at the oxpiration of his 
service, as well as that of a very superior workman in 
tho mathematical instrument department, have placed 
us on an excollont footing in preparation for more 
extended proceedings on the completion of the new 
accommodation. The former, Mr. Watson, gives pro- 
mise of being a great acquisition in all departments, 
He has established the cerlainty of success in iron- 
casting, and has with » small cupola temporarily erected, 
done a good deal of work which must otherwiso havo 
been mado at a distance. The latter, Mr, Crible, was 
‘foy a long timo in the surveyor-gencral’s offico in Cal- 
eutta, omployed on the repair of both surveying and 
mathomatical instruments. [ven with the want of room 
and convenionees which ho hag experionced sinco his 
arrival at Roorkeo ho has turned out small surveying 
civelos, or circumforentors, for the use of tho natives, 
and other descriptions of common instruments, that would 
do eredit to the professional artist of London. I believe 
that those shops only require to bo comploted, with 
proper accommodation for tho differont departments to 
which they ave destined, to do full justice to the inten- 
tions of the Government. 

Hartly in 1853, the following machinery, in addition 
to that which was formerly received, was ordered fom 
England :— ; 

A 20-horae-power, high-pressure, beam steam-engine, 
A slotting and paring machine, 
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A small drilling and boring machine, 
A small planing machino, 

A plate-bending machine, 

A large self-acting Inthe. 


Tho engine will bo attached to tho foundry-yard, and 
in connexion with tho mathemati department, — {t 
is by no moans improbable that it will be found conyo- 
niont in oconomizing spaco to romove tho northern wall 
of the old quadranglo or iron-yad, and by so doing, to 
throw tho fomdry and the quadvanglo aren into ono 
onclosure, 

My original idea of having quays and fixed cranes on 
the sido of tho canal in connexion with tho workshops 
will also bo greatly improved by a proposal of Liontouut 
Allen’s, viz., tho construction of a dock in tho contro of 
the timbor-yard, connected with tho emal hy wa opon 
channel bridged over the canal bank and borms. Tht will 
cnable goods to bo floated into the yard, and give us the 
moans of loading and unloading within tho precincts of the 
workshops, and in the immediate noighbourhood of tho’ 
warchouses. It will also givo gront advantages to on 
boat-building oporations in, floating the boats away as 
soon as thoy are built, Practically spenking, the con- 
struction of this work will bo an oconomicnl one, as if 
will, in tho oxcavation for tho dock and ean of approach 
to it, givo carth for rnising and lovolling grow in the 
yards, which, in spite of tho quantity of work of this 
description that was done in tho oarly stage of our 
proceedings, is very much wanted, ‘Tho only incon- 
vonicnco thet l sce to this side cluumel, whieh will louve 
the canal at the commencement of the ogeo on the 
approach to tho bridgo, is, that ils mouth will bo na 
harbour for silt deposits, and that, by oponiys a paseo 
through tho workshop wall for the ternal, ingress will 
bo obtained by thoso who havo no business there. 
In the former case the silt eletranee would be effeetod 
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at periods when the canal was laid dry, and the silt 
itself, if not required elsewhero, would be thrown into 
tho main canal bed on the down-stream side of the dock 
channol-head, as it could not be allowed to .cncumber 
tho esplanades or roadways. In tho latter, provision 
might easily bo made in the shape of a portcullis or 
some protective expedient by which ingress into the yard 
by that passage would be provented. 

By referring to the map of Roorkee it will be seon 
that I have reserved spare ground to the south of the 
timber-yard, and haye not allowed it to be occupied by 
either private or public buildings. The road which has 
been carried across it has been allowed merely as a tem- 
porary convenience, My object has been to retain the 
whole of the land in the neighbourhood of, and parallel 
to tho canal, for purposes of the workshop, so that 
the enclosure or buildings required for its use may be 
collected in one compact mass. That portion of this 

- ground lying in close proximity to tho private estates 
on the cast, and which lios out of the alignoment of 
tho east wall of the quadrangles, has been proposed to 
be oceupicd by the quarters of the Ewropean establish- 
ment attached to the yard; tho flat-roofed buildings 
on tho north-oast angle of the foundry boing considorod 
as more applicable for providing additional accommo- 
dation to tho shops than to that of private residences. 
Thatched roofs and a free circulation of air are cer- 
tainly more adapted to salubrity than a series of con- 
nected rooms attached to the body of the workshop 
buildings. The ground at the present time is occupied 
by timber; it is separated from the timber-yard enclosure 
by the high road and ramp of approach to the bridge, an 
impediment which can be casily overcome by a passage 
of communication built under the road. This, with tho 
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free use of rails, a quantity of which will, on the com- 
pletion of the canal works, be disposable, will connect 
the whole of this extended line of shops and yards in 
one convenient series. 

At present, the model department and libraries, both 
professional and non-professional, are under the executive 
engineer of the northern division of the Ganges Canal 
works, although the rooms form a part of the workshop 
buildings. These are specifically for the canal depart- 
ment, and for study and reference for the students of the 
Civil Engineers’ College. A librarian, for whom a salary 
of 40 rupees & month is allowed by the Government, hag 
not yet been entertained. The present state of the 
libraries, and the small number of books contained in 
them, hardly called for a substantive appointment of this 
sort, the duties having been performed by the head writer 
in the executive engineer’s office on a reduced allow- 
ance. A list of the books will be found in the volume 
of tables, , 

The model room is at present by no means fully 
occupied, and its contributions are chiefly models of 
works which have been built on the canals in these pro- 
vinces. Its nucleus may be dated as far back as 1881, 
in the model room of the Eastern Jumna Canal, which 
progressed under my successors, and ultimately was 
yemoved in mass to Roorkee. It possesses, neverthe- 
less, some interesting models besides those of canal 
works, and as a beginning to a more perfect series is 
satisfactory. 

The clock tower, the basement story of which acts ag 
the vestibule from the open esplanade which lies to the 
east of the buildings, is built on a design by Lieutenant 
George Price, deputy superintendent in the canal de- 
partment, the architect and designer of both the church 
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(vignette, vol. ii, p. 60) and the college (title-page, 
vol. iii.) Tt is a neat plain building, campanile fashion 
(vignette, vol. ii. p. 881), in so far that, although in 
contact with the mass, it is built separate from the main 
building, of which it forms a part. The clock is an eight- 
day one made by MacCabe, with four faces, and with a 
strike that is heard very distinctly over the whole extent 
of the works. 

In conclusion, I may obsorve, that nominations of 
officers to the workshops have been confined to those 
only who have appeared to possess peculiar claims for 
the office. Vacancies still exist, which may be filled up 
as opportunities offer ; but at an out-of-the-way place like 
Roorkee, removed altogether from contact with Calcutta, 
ox any of the large towns of India, we are, in a measure, 
cut off from connection with men who are fitted to tho 
work. <A greater disadvantage, perhaps, is the absolute 
necessity for procuring men at a great expense from 
distant points, on certificates of character and profes- 
sional knowledge which experience may point out to bo 
altogether fictitious. This is an evil to which wo ave 
open at present, although railroads, and by thoir means 
the introduction of practical engineers into the country,” 
may place us on a different footing hereafter. In 
Lieutenant Allen as the chief, wo have in all depart- 
ments of machinery an excellent superintendent. In 
Mr. Watson ag a practical engineer, we have a young 
rising man with a great deal of professional knowledge, 
backed by other acquirements which render him worthy” 
in every way of maintaining a high position in the work- 
shops. In Mr. Crible, the mathematical instrument 
maker, we have an equally efficient member of our young 
establishment, We require more aid, however} and I 
consider that this can only be satisfactorily gained, by 
deliberate selection of men. Tho following tablo exhibits 

You, I, BB 
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the present state of our European superintendence in 
the workshops, with the vacancies still existing :— 


Lieut, Allen, Superintendent. 
» _ Read, Acting Deputy Superintendent. 
Mr, J. L. Watson, Practical Engineer. 
» W.4. Crible, Assistant Mathematical Instrument Maker. 
» Corrigan, Bookkeeper. 
» Pigott, Assistant-Bookkeeper. 
» Pocock, Clerk. 
Sergt. Neilson, Assistant-Foreman, Iron Department. 
» McArthur, Storekeeper. 
Corporal Aitchison, Moulder. 


VACANCIES, 
1 General Musterer. 
1 Assistant-Foreman, Timber Yard. 
1 7 ry Foundry. 
1 Clerk. 

Lieutenant Read, of the 50th Regiment N. I., a deputy 
superintendent in the canal department, is at the present 
time acting as an assistant to Lientenant Allen, 

Tt does not appear worth while to pay any specifie 
attention to the temporary workshops that have during 
the progress of the works been attached to each of the 
divisions; both they and the divisions themselves hold 
tenure merely on the progress of the works, and will be 
broken up and discontinued on the new organization of 
the establishment depending on irrigation, Their occu- 
pation has been chiefly confined to the common routine 
duties of each division, making doors for the choki 
buildings, woodwork for the sluices and regulating heads, 
and all woodwork required for divisional purposes. 


Section I7.— Mills. 


The only arrangements which have been made for 
machinery of this description are for grinding corn, and 
the machinery itself is the common punchukki, or native 
corn mill of these provinces. Buildings for this purpose 
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have sither been constructed, or are about to be con- 
structed at the following places :— 


Kunkhul, 


Bahadoorabad, “ wee Ars 
Ascoffhuggus, Saharunpoor District. 


Muhmoodpoor, 

Belra, 

Jaoli, Muzuffunuggur District. 

Chitowra, 

Sulawur, 

Bhola, Meerut District. 

Dasna, 

lo Alligurh District, 
jimra, 

Cawnpoor Terminus, Cawnpoor District. 

Etawah Do. Do, 


The merit of the punchukki is, its exceeding sim- 
plicity, its perfect adaptation to the natives who are called 
upon to use it, ity excessive cheapness, and the ease with * 
which it is replaced or repaired. Its defects are loss of 
power, in requirements for a larger body of water than ~ 
would be necessary with the turbine. These defects, 
however, are in our case negatived by thé mills being 
placed in such a position that the water in its progress 
down the canal passes through the shoots of the mills, 
and rejoins the parent stream through their waste chan- 
nels. With the quantity of fall, therefore, that we have, 
and with water sufficient for the purposes of the pun- 
chukki, much as I esteem European ingenuity and 
invention, I have preferred supplying the native of India 
with his own simple mill, the use of which he perfectly 
comprehends, and the repair of which he can effect either 
by his own means, or by those of tho nearest village 
carpenter. Turbines, &c., may come hereafter, and will, 
T have no doubt, do so with great advantage to the rising 
generation. 

The only doviation from the above rule of the water 
proceeding through the mill shoots and rejoining the canal 

BBQ 
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through the waste channel of the mills themselves, is in 
the establishment at Kunkhul. These buildings have 
not yet been constructed, but should they be so, their 
situation on the edge of the branch of the Ganges, just 
below the town of Kunkhul, will militate against the 
above economical principle. In this case, the water, 
after passing through the mills, will run into the branch, 
and, although not actually to waste, as providing the 
means of irrigation to a quantity of low ground that lies 
in the neighbourhood, the principle is opposed to the 
practice which I desire to see accomplished. My only 
object, in fact, in estimating for mills at Kunkhul, was to 
give a ready supply of flour to the inhabitants, and I did 
this even to the neglect of a principle, in consequence of 
the main stream of the Ganges being in such close 
proximity that additional water might be admitted into 
the canal channel to meet the demand of the mills. 
: The design for the Kunkhel Mills is shown in Sheet 17,. 
Atlas. It is similar to that figured in the estimate of 
1845. It consists of an octagonal basin, with its lateral 
faces occupied by mill buildings, the two remaining sides 
acting as the ingress and egress channels. The design 
gives space for sixteen pairs of stones, which will grind in 
the aggregate from 800 to 1,000 maunds of corn a day. 
Supplemental to this nest of mills, moro especially for 
the use of Kunkhul, the town of Hurdwar will bo supplied 
by detached mills, which may be built cithe by the- 
Government or by private contract, on the branch lying 
between the main stream of the Ganges and the regu- 
lating bridge and dam at Myapoor. 

The Bakadoorabad Mills ave built upon the sito of 
No, 1 lock, as designed in the project of 1845. They 
are situated between Jowallapoor and the village of 
Bahadoorabad, at a distance of a mile from the latter. 
_ Hare there ave arrangements for sixteen pairs of stones. 


‘ 
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The mills lie on the right and left of the navigable canal 
into which the wasté water passes. The head of these 
mills is situated on the high levels above the Ranipoor 
super-passage, and the reservoirs connocted with them 
are supplied with outlets from which water for irrigation 
can be delivered to the neighbouring village lands. 
These works are in progress of construction. 

The mills at the places noted in the above list from 
Assoffnugeur to Simra, are connected with the waste 
chambers of the locks at the different falls. They are 
builé on one design; and in construction, the revetment 
wall connected with the canal face is go laid out, that 
additional mill buildings can be added afterwards, should 
an increase to the number of stones be desirable. At 
each of the locks above alluded to, there are two mill 
houses, each of which contains two pairs of stones. The 
supply for the wheels is received from the higher levels 
of the lock, and the water passes off into the lock waste 
‘chamber, 

The terminal works on the Cawnpoor nd Htawah 
lines aro constructed on a similar principle to the above, 
The buildings are detached from the locks and line 
of canal, from which they are separated by the espla- 
nade or open road which flanks the canal channel. They 
receive their supply, from the high levels, and pass 
off their waste water on the lower ones. A plan of 
one punchukki, however, is that of all. They differ in 
nothing excepting in length of shoot depending on the 
amount of fall of water passing upon the wheel, and in 
the arrangements necessary for the discharge of waste 
water, 

I may conelude this chapter with a short account of 
the native water-mill, which was published by me in the 
year 1888 in the Jowmal of the Asiatic Society, as, 
without any disrespect to turbines and other ingenious 
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devices, I have always considered, and do still consider, 
the punchukki of the North-Western Provinces of India, 
a machine possessing extraordinary claims for adoption 
amongst a class of people like those with whom we have 
to deal in the canal department. 

‘On the mountain streams and rivers in the nor- 
thern Doab, the natives use a water-mill for grinding 
corn, which, from its simplicity, is well deserving atten- 
tion. It might be applied in all countries where a 
sufficient fall and quantity of water can be commanded. 
Where a want of efficient workmen renders the repair of 
complicated machinery difficult, the punchukki would be 
of great service. In the hands of the natives, and with 
the rude means at their disposal, it may be perhaps con- 
sidered the only sort of mill that could be twned by 
them to any account. From the simplicity of its con- 
struction, it can, at a trifling outlay, be fixed or removed 
at pleasure. The only weighty parts about the punchukki, 
in fact, ave the mill-stones, which (by running a stick ° 
through them, and yoking to it a bullock or pair of 
bullocks) may be removed with as little difficulty oy 
expense as the rest of the machinery. 

“A horizontal water-wheel, with floats placed ob- 
liquely so as to receive a stream of water from a shoot or 
funnel, the said floats being fixed in a vertical axle 
passing through the lower mill-stone, and held to the 
upper one by a short iron bar at right angles, causes 
it to revolve with the water-wheel. Tho axle itself works 
on a piece of the hardest stone that can be procured 
from the shingle near at hand. A thatched roof covers 
the whole; this, with the expense and trouble of 
digging a, cut so as to take advantage of a fall of water, 
is the only requirements for this very simple mill, The 
plan is obviously good, not only for the means gained, 
but for its possessing a simplicity which renders it almost 
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independent of repair, It is, moreover, intelligible in 
its parts, and comes within the comprehension of the 
simplest understanding. The punchukki has been adopted 
generally in all the canals in the Delhi district, as well as 
in those of the Doab, and with such success, that its 
introdugtion is as much an object on account of thé 
profit arising to the canal retumns, as from the accommo- 
dation and convenience offered to the community, in 
providing the means for grinding corn. 

“On reference to the accompanying plate,* it will be 
seen that the motion is direct, and that the adjustment 
of the machinery depends entirely on the lower pivot. 
Tt will also be seen that there is not a part of the 
whole machinery that could not be repaired and put in 
perfect order by the commonest, village workman—a 
matter of importance in the absence of mechanical skill 
and practised artificers. Whereas, in the plainest under- 
shot wheel applied to a mill for grinding corn, there are 
‘no legs than three wheels of different descriptions—the 
change of vertical to horizontal motion—and threo pivots ; 
with friction, even under the most skilful management, 
tending constantly to disarrange the parts, and rendor the 
presence of a forge and blacksmith’s shop indispensable, 

On the canals it has been found worth while to 
construct permanent buildings for these corn-mills; and 
although keeping most strictly to the original simplicity 
of the machinery, they are set up with greater care, and 
means axe given for regulating the motion, &e., which 
venders the whole as perfect as it can well be. 

Tt would appear that a fall of water (that is to say, 
the difference of level between the surface of the head 
supply and the float boards of the water-wheel) equal to 
8 feet, is the minimum in which this species of machinery 
cau be used with any good effect; and it has been found 

* Vide p, 882. 
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that, with a fall of three feet, the dimensions of the 
shoot or funnel require an addition in width to obtain 
that by weight of water, which the smallness of the 
fall will not give by velocity alone. 

“The following are the particulars of mills on the 
Bastern Jumna Canal, divided into three classes depend- 
ing on the depth of the fall; the width of shoot on the 
sill or waste-board being 12 inches, and tho discharge 
per second averaging 1:5 cubic feet; the diameter of 
mill-stones 27 inches, and thickness 12 inches; the com 
being ground into atta or coarse flour :— 








Class, Fall of Water. Atta ground per hour, 

Teet In, Mds Scers. 
To A 7 6 1 26 or 182 Ibs, 
a aera ee 7 5 6 1 6 o 90 , 
8 6 0 17 or 82 





“The common mills used in the Jumna and moun- 
tain streams are said to grind from 6 to 7 maunds of ° 
atta per day, or in 24 hours; the machinery being of the 
rudest description, the supply of water being very small, 
and a great part of that escaping through the shoot 
before it touches the water-wheel. 

«The return to Government on the mills is obtained 
generally by farming them out to contractors for fixed 
periods, who pay so much per day as long as a supply of 
water equal to that entered in the contract is provided, , 
regulated by the depth of water on tho sill or waste- 
board. This return, of course, varies not only with the 
power of the mills, but also with their position relatively 
to populous towns and cantonments. In the neighbour- 
hood of Delhi the demand for atta is great, and the 
consequent returm equally so; whereas, of other points 
distant fiom towns, mills of equal power do not produce 
half the return, The Eastern Jumna Canal, alihough 
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possessing every advantage in fall and power of machinery, 
labours under a disadvantage in this respect, the town of 
Saharunpoor being the only one throughout its whole 
extent where there is any great demand for machinery 
of this description. Shamli, although a large town, does 
not contain a great number of that class of people who 
purchase atta, each family grinding their own corn for 
home consumption ; and, although there are ample means 
for establishing mills at the south end of the canal oppo- 
site Delhi, (the canal falling into the Jumna with a 
“descent of about 50 feet in a line of 12 miles!) it has 
been considered wnadvisable to put them in extended 
practice, on the supposition that the mills already built 
on the Dellti Canal in the city would suffer from the 
competition ; in short, that the mills in Delhi are suffi- 
cient to grind the corn required by its population. 

“ The people from whom the millers look for profit are 
chiefly those of the sipahi class, travellers, those without 
‘families, idlers, &e, Those who are regularly settled 
with their families, trusting to the hand-mill in their 
own house, and not purchasing from the mills, excepting 
on marriages and other grand occasions, when the con- 
sumption of atta is more than their own mill could pro- 
vide for, In military cantonments the whole of the atta 
and flour used is obtained from the mills; the vicinity, 
therefore, of a station of this description becomes o 
lucrative affair to the miller, in exemplification of which 
I may mention that during the existence of the provincial 
battalion at Saharunpoor, the canal mills at that place 
were kept constantly in their service, with little or no aid 
from the inhabitants of the town. 

“The profit derived by the renter of a mill depends in 
@ great measure on his management, and on the rate per 
maund which he charges for grinding ; but with an expe- 
rienced and steady man, the following may be considered 
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as a very close approximation to the daily profit. The 
rate per maund for grinding atta by the peesunyaris or 
corn-grinders in the city is generally three annas, for 
which sum they deliver the article at the purchaser's 
house, At the water-mills two aunas per maund is the 
usual charge, not, however, including the carriage of the 
grain to the mills, &c., the charge of two annas being 
simply for grinding. 

‘The expenses to the miller for keeping two mills at 
work axe thus :-— 


Rs, A, P, 
Per Month.—1 Head Miller's wages 0 0 
5 1 Assistant Miller's wages . ‘ » 40 0 
7 1 Weighman ‘ . » 40 0 
” Oil at } a seer per day ‘ » about 1 0 0 
” 2 seers of atta given per day to 2 millers 
in addition to thei regular pay, about 2 7 0 
Total expense per month . . 167 0 
Or, per day, taking a month of 80 days . » O 8 9 
The receipts per day are as follow :— 
Supposing 55 maunds of rein. ome, at 2 annas ad 
maund 614 0 
Deduct :— 
Expenses as above 0 8 Of 
Government rent 5 0 0 
6 8 OF 
Balance, profit to miller per day F » 1 6 Oy 


“ An additional oy third mill would increase the’ pro- 
fits to the contractor without a proportionate increase to 
the expenditure ; whereas, a solitary mill would require 
the same establishment as that noted in the above table. 
Mills of a higher power also might be easily worked on 
the above scale. 

* At mills distant from towns the payment for grinding 
corn is made in kind, varying from two to four seers per 
meaund, which, at the usual rate of from forty to fifty 
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seers per rupee, is but a moderate return in comparison 
with that of the town mills. These village mills grind 
grain, barley, and Indian corn, as well as wheat. 

“ The stones used on the canals are chiefly those from 
the quarries near Agra, Roopbas, and Futtipoor Siloi,— 
a coarse-grained sandstone, which requires the chisel 
every second day. There are three sizes used :— 


Ist size, diameter 86 inches, depth 12 inches. 
2nd ,, ” 80 ” ” 


8rd, ” 27 ” n 

The two latter are. in most general use. Stones of the 
usual quality last for about two or three years; that is to 
say, at the end of that period a new upper stone is pro- 
vided, and the old one is placed below. In the native 
mills on the Jumna, stones about 22 inches diameter, 
and from 10 to 12 inches thick, are quarried in the 
vicinity of Rajpoor, north of Deyra. They appear to me 
of an inferior description, though of various qualities ; 
“the native millers, however, prefer some of them to the 
Agra stone; and it is not impossible that some of the 
best varioty from Rajpoor may be superior to the worst 
from Agra, but generally speaking the preference is de- 
cidedly in favour of the latter. 

“The best method of delivering the water from the 
shoot on to the float boards, appears to be that repre- 
sented in the accompanying sketch, * and which has been 
generally practised on the canals, in pursuance of the 
usual course adopted by the natives. A trial made at 
Hansi, in which a horizontal (or nearly horizontal) 
shoot, applied to the lower part of a cistern, delivered 
the stream on float-boards, whose planes were parallel to 
the axis of the arbor or upright, did not answer so well 
as was expected. The introduction of a new system, 
unless palpably advantageous, is certain to meet with 

* Vide p. 882. 
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objections from the people to whom the mills are in- 
trusted. I am much inclined, however, to consider that 
the horizontal method of applying water to thig simple 
water-wheel is inferior to that adopted by the natives—a 
matter to be settled by practical experiment, and not by 
theoretical speculations. Belidor, in speaking of a mill 
of this description, says :— 

“Hn Provence et dans une bonne partie du Dauphiné, 
les moulins y sont d’une grande simplicité, n’ayant qu’une 
youe horizontale, de 6 ou 7 pieds de diamétre, dont les 
aubes sont faites en cuilléves* pour yecevoir le choc de 
Teau, qui coule ordinairement dans un auge; l’arbre, 
qui répond & la meule supérieure, est la seule pidce qui 
sert 4 lui communiquer Je mouvement, et je ne crois pas 
qu'il soit possible de faire un moulin & moindre frais ; il 
est vrai qu'il faut pouvoir ménager une chute comme celle 
que l’on voit ici, et qui sont trés frequentes dans co 
pays la. 

«La roue tourne sur un pivot dans une crapaudine ° 
pratiquée au milieu de l’entretoise du chassis, servant & 
approcher les deux meules, par le moyen de Ja vis ce qui 
est 4 l’extrémité de la pidce, et de l’écrou, quo l’on fait 
tourner pour hausser ou baisser le chassis. 

‘«<Jies youes que l’on voil exécutées dans le gott de 
celle-ci ont leur cuilleres simplement assemblées & Parbre 
par un tenon et une cheville, fortifiges par le-dessous par 
des membrures qui les entretiennent toutes ensembles.’ 

“He goes on to explain a method of opening and 
shutting the water-course or shoot, which is of no con- 
sequenéd here, It will be seen, however, that the 


* These cuilléies, or spoongshaped ends, are mere indentations in’ 
the native mills, and the trough alluded to by Belidoy fo the delivery 
of the water at an angle of about 25 deg., is in the native mills 4 
square tube or shoot placed at an angle of 45 deg. The crapaudine 
and the arrangement for raismg or depressing the upper stone by the 
transom in which it is fixed, is also practised in the native mill. 
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Provence mill is exactly on the same plan as that used 
in this part of India, and it is a pity that the account 
did not proceed and explain the powers of the mill, that 
we might draw a comparison between the two. It would 
also be interesting to know whether the increased sizo 
(the Provence mill being about double the size in 
diameter of water-wheel, &c.) would not detract from 
the simplicity of the little native mill. The great 
advantage of the latter appears to be the absence of 
complicated wood and iron work, especially joints and 
ivon bindings, é&c., all of which increase with length of 
lever, or length of radii of the water-wheel: indeed, the 
above account shows a complication of membrures, k&e., 
which in the native mill is not thought of,” 
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REFERENCES TO PLATE 





Fig. 1.—Elevation of the water-wheel, with the stones in section, to 
represent the iron spindle. 

At a, a hole of about 4 mches diameter, and 4 inches 
deep, is made in the transom, into which a quaitz boulder 
is fimly fixed; the said stone or bouldey having an inden- 
tation made into 1t to receive the pivot. 

This pivot, as represented in Fig, 4, consists of another 
stone of the same quality, of about 4 or 5 mches long, and 
1 inch square, which is fiimly fixed into the tail of the aibor 
(sce y). The above stones are picked up in the beds of the 
mountain iivers, and aie used as they are found, wathout 
any stone cutting. 

Tig, 2.—Plan of wate.wheel, 80 float bomds of Sissoo wood. 

Fig, 8,—Upper joint of arbor. . 

Vig, 4.—Lower joint of arbor, showing the iron straps fixed between 
each float-bomd, to keep them firmly in, position ; the strap 
represented in Fig, 5. 

Vig. 5.—Stiap as above, 

Figs. 6 & 7,—Float-board, and end of ditto; the float-boaid 12 inches 
long, with a spoon sunk 4 inches in length, 

Fig. 8,—hon ring that slips over the top of aibor, and holds the two 
joints together, 

Iigs. 9 & 10.—The spindle and plate upon which the upper mill-stone 
twns. 

Big, 11.—Sketch of mill-stones, with basket, stand, &ec, 

a.—Hopper or basket. 

b,—Shoe. 

o-—Teeder, or small piece of wood hanging to one lip of 

” the shoe, and 1esting on tho mill-stone, each revolution 
of which gives the shoe a jog, causing the corn to 1un 
constantly from the hopper thiough the shoe, 

d.—String attached to the opposite lip of the shoe, to 
which the feeder is, and by tightenmg or loosening 
which, the dischage of corn 18 1egulated, : 

¢-—Stand, ° 

Fig. 12—-Shoe on a large scale ; this is generally cut out of 9 block of 
dak (Butea frondosa¥for any wood easily worked, 
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; Onapren VITI. 
THRMINAL WORKS, 


Tuts chapter may be divided into the following :-— 


Section I.— Works at the Cawnpoor Terminus. 
T.—Works at the Htawah Termitius. 
T1L.—Works at the Termini of the Branches. 
A. Futtigurh Branch. 
B. Boiundshuhur Branch. 
C. Koel Branch. - 


I. Works at the Cawnpoor Terminus, 


The works connected with this section commence at 
a point 5 miles 750 feet from the Ganges River, near 
the village of Dubowli; the leading one being an escape 
for the purpose of regulating the water on its approach 
to the town and cantonments of Cawnpoor, through 
which the canal is carried on its descent to the river. 
The ‘Dubowli Escape is, in fact, the work by which the 
canal supply is regulated on the various locks, milla, ce., 
of which the terminal works are composed; and it 
naturally takes the precedence, both from its position 
and from the services which it is called upon*to per- 
fornt, 

The Dubowli Escape (plan*and section of which are 
given in Plate XLII. of the Atlas) is situated at a*point 
11,187 feet below the Kujoori Bridge, or that by which 
the high road between Cawnpoor and Kalpi crosses the 
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canal. It is built across a tributary of the Pandoo River, 
which lies 8,000 feet on the right, and it combines with 
its services as an escapo for canal water, a passage for 
the drainage of the tributary across which it is carried. 

The canal channel at this point is an aqueduct. Tho 
dvainage which is collected from a hollow of about ono 
square mile in extent, immediately on the loft of the 
canal embankments, passes by avched channels under- 
neath the canal. 

The section of the valley or hollow over which tho 
aqueduct passes is shown in the following diagram, the 
hoxizontal line representing the level on which the bed of 
the canal runs, with referonce to that of the nulla :— 


Diagiam 128, 


Ei 





From its intersection by the aqueduct to the Pandoo 
River, the nulla has a slope of 15:6 feet on a total 
length of 10,000 feet. Its course is tortuous, with a 
deep and narrow section, which, on its junction with 
the Pandoo, assumes the character of a ravino. The 
great depression of the bed of the Pandoo, below 
that of the flooring of the sub-channels at the cscnpe, 
renders the back water arising from high floods: quite 
harmless in its ‘effects upon the canal works. . 

The rain-water collected at the head of this lino of 
drainage i8 inconsiderable, tho catchment basin lying 
above the canal not exceeding, as I have before ro- 
marked, one square mile in superficial oxtent. 

For the passage of the drainage water collected in 
the basin, three bays of 6 feet each in width, and with a 
height of 4 feet from the flooring to the soffit of the 
arch, have been given on the up-stream side; the floor- 
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ings themselves being built with a rapid slope, so that 
the discharge outlets in the down-stream direction have 
a height of 6 feet, This slope of 2 feet is on a length 
of 107 feet, or on the whole width of the building. 

An inspection of the plan will convey a much better 
idea of the design of this work than I can givo in 
written description; it will bo sufficient, therefore, to 
observe that thé channels above described become the 
receptacles of the escape water from the canal on the 
upper levels, through a series of side openings—three of 
which are situated on each side of the canal; the total 
width of escape waterway thus provided being, equal to 
36 feet, These side openings of 6 feet each in width, 
discharge their water down perpendicular drops which 
open into the lower channels, the fall and momentum of 
the fluid being broken by bars of stone placed across the 
upper part of the drop, and by wells or reservoirs below, 
which receive in tho first instance the body of water, and 
“easo off its action before it proceeds onwards cove the 
bed of the nulla, 

The slope which has been given to tho ae channel 
floorings, and the increased capacity which has been 
oblained to the nulls itself, by widening it out from ‘the 
down-stream side of tho building, as far as the function 
of the nulla with the Pandoo, render the eseapo both for 
country and canal drainage purposes very efficient, 

The oxternal faces of this building are flanked by 
gemicixeulay revetments, which on the left bank are sur 
mounted by houses for store and choki purposes. 

The canal channel,*which is 20 feet in width, has 
on each side a berm of 10 feet, with a roadway of 
20 feet in width, the whole forming a compact body of 
work; with steps of approach to the water in the canal 
channel, 

T may here observe that the berms, or towing-paths, 
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which on the whole line of the canal had been raised 
8 feet above the bed of the canal, ato from the Kujoori 
Bridge to the Dubowli outlet gradually diminished, until 
at the latter work they stand 6 feet above the canal bed ; 
at this height they continue throughout the whole of the 
“terminal works which I am now describing, The canal 
channel on its approach 10, and doparture from tho 
masonry work of this building, is carried over well-made 
and carefully consolidated embankments, to which the 
semlcirenlar form of wing yevetments is well adapted. 

These warks are built entirely of brick masonry, with 
the cement ‘made of the following proportions :-— 


Four-fifths kunkur lime, 
One-fifth soorkee. 


The quantity of cubic feet of masonry is 48,426, 

The rates per 100 cubic fect were Co.’s rupees 
16-6-8, and the total cost amounted to Co,’s rupees 
9,241-18-9. : 

The Dubowli Escape was built by Lieutenant Hodg- 
son, of the Engineers. 

At a distance of 1,207 feet below the escape is the. 
Duhowli Bridge. On the up-stream side of this work 
the rajbuha head leading to the line of invigation running 
betwoen the Pandoo and the Ganges is situated. (Seo 
plan, Plate XLIIT.) 

The bridge itself is for village purposes, but tho 
works attached to it aro designed for escape as woll as 
for invigation, Here wo have a drop gate, which, being 
placed immediately below the rajbuha head; and across 
the canal channol, acts both for the purposes of regu- 
lating the supply of water for irrigation, and for preventing 
the onward passage of “water towards the Cawnpoor 
works, In the latter case, the six openings at the 
Dubowli Escapesas well ag that for the rajbuha, become 
the outlets for the waste water; the xejbuha playing its 
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part for any water that may fail in oseaping through the 
six openings at the Dubowli Escape. 

The vajbuha head at this bridge is the last opening 
for irrigation on the Cawnpoor Terminal line, its width is 
10 feet, and its sill or flooring is on a level with the 
canal bed; tho opening, in fact, is so devised that in 
case of necessity all spare water may pass down the 
rajbuha channel, whilst the main line on the down-stream 
side of the shutter is laid perfectly dry. 

The design of this bridge is plain: a 20 feet segihent- 
of 60 deg. for the canal channel, with sido towing-path 
passages of 4 feet in width, flanked by rusticated pilasters, 
Tho width of roadway is 18 feet, and steps of communi- 
cation between the high and low levels are attached to 
both the up- and down- stream wings. The front of the 
rajbuha head, as well as the opposite side of the channel, 
is covered ag usual with flights of steps, and the full 

. Width of the berm is secured by a retaining wall on tho 


". gaine plan as has been designed at the other bridges. 


Tho masonry channel on the up-stream side of the bridge 
ig laid out with reference to the best plan for directing 
the current upon tho line of rajbuha. 

This work is built of brick masonry, with cemiont of 
the following ingredients :— 


Pour-fifths kunkur lime. 
One-filth soorkee. 


‘The cubic content is as follows: 25,184 cubic fect. 
The rate per 100 cubic fect of masonry was Co.’s rupees 
176-5, exclusive of plaster; and the total cost of the 
work was Co.’s rupees 5,010-1-7, 

The work was built by Lieut. Hodgson, the Executive 
Engineer of the Caywnpoor Terminal line, 

The Ducknapoor Bridge,’ or that for the passage of 
the Grand Trunk Road between Allahabad and Alligurh, 
ig situated 14,176 feat below the Dubowli Bridge above 

: ood 
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described ; it is similar also in dosign, wilh exception to 
the width of towing-path passage being 5 feol instead of 
4 foot, and in the Iatier having segmental instead of 
civeular arches. 

This bridge is built on a skew,at an angle of 65 dog. 
corfesponding exactly with that on which the road and 
canal intersect each other. The width of roadway is 
25 feet, and the up- and down- stream faces in connection 
with the canal channel are flanked by semiciveular revel- 
ments adapted to the towing-paths, 

On the whole of the line of canal upon which tho 
works aboye described are situated, the course has been 
on a gradual curve, directed upon the boundary separating 
the city of Cawnpoor from tho military bazaar of the 
cantonment, ‘The depth of excavation variod from 8 to 
16 fect, and the soil is good, especially on the surface. In 
the immediate neighbourhood of the Duknapoor Bridge 
and the Grand Trunk Road the existence for a long 
period of brick-kilns is a proof that the supersoil at least * 
is formed of good brick earth, 

After leaving the Duknapoor Bridge the canal runs 
for a length of 8,744 feet, still on a curve, through a good 
deal of broken ground arising from tho brick-kilus abovo 
mentioned, until it reachos the angle of the city, at 
which the leading bridge, or No. 1, connected with the 
series of works which continue to tho Ganges River, is 
situmed. On the up-stream side of this bridge, the 
channel passed through an extensive hollow caused by 
the excavation of earth for brickmaking; here there was 
a, necessity for a good deal of artificial ombankment, but 
the soil is good, and the brick-kilng, or native puzaivas, 
which lie on the right and left of the line, provided an 
ample supply of material for all purposes. The berme, 
as. I have before montioned, are continued at 6 feet in 
height from the canal bed, and the section of: the canal 


s 
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from the Dubowli Escape to the point at which wo have 
now arrived may be understood from the following 
diagram :— 


Diagram 129, 





The canal from the head of the terminal works at the 
Dubowli Escape to this point, passes through an exca- 
vated channel, on a gradual curve, the total length being 
19,127 feet. Forwards, and in advance to the Ganges, the 
length being 7,978 feot, the sides are revetied with 
masonry, and fitted with the necessary accommodations . 
for giving access to the water to the inhabitants of a 

_ populous town. Up to No.1 Bridge, the line, having 
‘been carried through open country, was attended merely 
by the remission of revenue for land appropriated. In 
advance, houso and garden property had to be obtained 
by purchase, the width which was considered necessary 
for canal purposes heing 280 feet. 

The whole of the area, occupied by the above space is 
situated within the, boundaries of the military canton- 

“ment, the householders having no claim to the land, 
which they hold on the usual tenure as tenants at will; 
remuneration for value of property moveable of immove- 
able being paid for on the land being required for Govern- 
ment puTposes, whether civil or military. 

My estimate of 1850, for the value of property thus 
required, was founded on returns submitted by the cxecu- 
tive enginser, whose data were necessarily imperfect, and 
who had neither the means nor the power of entering 
into details. The width of space was, moreover, under- 
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estimated, as well as the extent of building. During the 
cold weather of 1850-61, a committee which assembled 
for the purpose of determining the amount to he paid for 
a portion of the land required for immediate operations, 
closed their labours with a bill against the Government 
of rupees 67,167-7-5. The valuation was made very 
faivly; each house or tenement being measured, and tho 
calculated cost of labour, as well as the probable value of 
material, being taken into consideration, The latter item 
was undoubtedly a high one, and founded on asswnptions 
which were by me never expected to be realized, nor were 
they so in the result, Extravagant claims for materials 
in foundations which did not exist, assertions of under- 
sunk wells in the proximity of the river, and varieties of 
demands for original expenditure of which there were no 
oxternal traces, were received by the committee with a 
liberality that, as director of the works, and, therefore, 
as the guardian of tho interests of the Government, I 
viewed with some degree of jealousy. The full amount * 
of the claims, however, as recognized by the committeo, 
was approved of by tho Government, and the monoy 
has beon paid with the excoption of small sums for which 
at present no claimants (strange to say) have come 
forward. : 

th the cold weather of 1852-58, a second committee 
completed the settlemont of tho remaining property that" 
came within the limit of tho canal boundaries. This 
included certain estates or compounds formerly held by 
military. officers, which had merged into the possession 
of natives, and which, by lying on the bordors of the canal 
in the neighbourhood of the locks, wero desirable as silos 
of mills and machinery. ‘The arrangemonts made by this 
committee were similar to those of the former one, and 
the amount of the bill in this case was Ra. 22,898-9-0. 

Tt was fortunate that within the area of the ground 
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which il wag necessary to occupy, thore wero only two 
buildings for religious purposes. Ones mosquo (Mussul- 
man), and the other a mundul (Hindoo). Tho’ position 
of those two buildings is shown in tho map. Both of, 
thom have been allowed to remain, and although they 
intorrupt tho alignomont of tho works, they may 
bo considered ag in no way ‘interforing with their 
usofulness, 

I may observe that, in addition to the above pay- 
monts, pormission was givon 10 the owners of houses to 
remove any fixtures for which they had a particular fancy, 
Carved wood-work, doors, and all ornamental work, 
whether of wood or metal, wero not only carefully re- 
movod, but given gratis to the original ownors. 

Tho matorial, in fact, which was recovered from the 
buildings, and which, on their dostruction, was carried to 
the account of tho works, was singularly illustrativé of 

/iny views, as to its value accorded by tho committee, No 
- “Indications of material swallowed wp in foundations woro 
discovered. The paucity of pormanont ov pukka buildings 
was remarkable, oven to those who knew that native 
bazaars do not abound in structures of this description.” 
With the oxcoption of a vory fow so-callod pukka houses, 
which, in thoir dotail of constxuction, wore, genorally 
spoaking, mado of mud faced with brick, tho whole of 
the bazaar that camo undor our clearance was a moro 
collection of mud walls, mado from oxcavations in their 
neighbourhood, offering harbours for filth and stagnant 
water ; literally nests of miasma, and reservoirs of offensive 
abominations. 

It is worthy of record in how far tho value of matorial 
procured from tho bazaar and brought into use in tho 
canal works, talliod with tho estimated amount as paid to 
the owners by the Government. I shall meroly givo an 
abstvact of the figuros in this place, as I havo noted in 
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the volume of tables the whole of the detail, both in plan 
and figures, by which the estimate way arrived at. 











; Tatimated Value _ Tmo value of 
= Materials, 
Labour, Materials, Total. 
Rg AP ns AP i ra Hy Re A OF 
Ist Committee | 20,188 1 7] 46,979 6 10 | 67,16 a 612 11 
and Do. i Both. , . « | 29798 9 off 8086 18 1 





Totals, Co’s Rs, . « | 90,066 0 5} 8,980 12 11 





All the bricks that were fit for uso wore put into the 
eanal works; the full price (and a vory high one, too,) of 
the market of the day having beon paid for thom in tho 
above table. The same may bo said of the timbor and 
other matorials, those which were not givon back to tho 
proprietors, ov those which were not requived for canal 
purposes, having been sold by auction, 

The total amount paid for houses and property which 
fol! within the Hmits of the canal boundary, from tho” 
No. 1 Bridge (to which I havo boforo alluded) to tho 
junction of the canal with the Ganges, i.¢. on a total 
length of 7,978 feet, and breadth of 280 feat, Aamountod 
to Rs. 90,066-0-5 3 a aum, it must bo recollected, which 
is totally independent of the cost of removal, clearance, 
snd preparation of the stwface for canal excavation, 

Thave in the Second Part, Ohapter IL, Section ILL, ox- 
plained my views on the Ganges Canal, in its connection 
with the town and cantonments of Cawnpoor, and havo 
shortly described the design of construction of the works, 
Thave also described the plan of esplanade,‘upon which I 
place great stress, as one tending much to the nppearanceof 
the canal, and more to the convenienco and salubrity of the 
neighbourhood. I shall here enter into greater dotail og 
connected with the buildings themselves, and with thewhole 
of the opetations that took place during thetr gonstruction. 
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Tho" plan ‘on. the opposite page is a'fair: ‘Toprossntation 
of the ground with which the alignement came in contact. 
On itd approach to the-angle of the town. upon which it 
“hnpingas, it passes. between. the-brick-kilns, to which I 
have'before alluded, ‘and the enclosures. attached to the: 
-comimissaniat: department:in’ which the government: 
élophants’and camels: axo.:kept. ‘This ground. ig much 
‘broken, being intersected, by holes’ excavated fox: brick 
oath, which from: the length. of. tima during: which 
material of this sort hasbeen. ised and, carried away, 
assumed at the present day tho character of‘ a’serios. of 
lakes .vathor than’ ‘holes, receiving as, they do, not only 
thetrain that falls wpon them, but the drainage of exten- 
sive areas of land in their vicinity. : Through one of -the ; 
largost of these Inks, the canal channel passes just before : 
it veachos tho elephant. sheds, not far from. the: north 
nngle of which No. 1 Bridge is situated... 

“In advance.of this point the’ watural drainage ‘of the «. 
country takes a new dixection, A tinct of, country which » 
‘Yies on the right-of the canal over which there.is a good 
‘deal “of building, - besides a consitlerablo: avon: occupied. 
‘by open ground ‘belonging ‘to the cantonment, or ‘dul. 
tivated Jand’, boyond it (the whole embracing. an aren: 
of nonrly two: square miles), acts’ as a. catchment basin. : 
Thid ia drained by two well-defined. nullas; meeting each. 
othor in the town, and procéeding, after their confluence,’ 
ina deap channel which gradually bocomes , a formidable 
rowing, This nulla. passes. the church, “and - crossing. 
the couse, for which there is: a bridge adapted tor ity 
proceads onwards (receiving other urate to the 
Ganges. 

This aatolunsist basin is tiated by numerous snl 
or ponds, all of which, in. that part where the: bazaar ia 
situated, ‘avo, completely surrounded by huts: and: build. 
ings, “most: offensive in every way, whilst those-.on ‘the a 
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open. -plains, although characterized by a compavrative, 
cleanliness, ave; from their want of. well-regulated. drain-. 
age, a nuisance. The principal ponds of the sort alluded: 
to are figured in the map, and it will be observed that 
the canal in its course through the bazaar passes through 
two of them. On all this portion. of the line, the 
drainage crosses the canal alignement very nearly at right 
angles, 

Proceeding onwards, on the line which we have taken 
up by the canal, it appears that a ridge upon which the 
Musjid (moxque) and Surai, noted in the plan, are 
situated, lies upon the water-shed of the church. nulla, 
and that the opposite side of the slope sheds its water on 
a, bearing. nearly parallel to this nulla, but with a direction 
corresponding with the canal jtself, Along this nulla, in 
fact, the canal channel. is carried on the lower part of its, 
coutge, and in. company with it, joins the Ganges at ‘the 
Gola: Ghat. . 

The line of canal in its ‘passngo through the pantehe 
ments.of Cawnpoor comes in contact with two. distinct 
basins of drainage, both of which will be eae: under- 

‘ gbood from the map. ; 
- The depth of digging from the point A, or from 
Bridge No, 1 up to No. 6, or the course bridga, averaged 
about 124 feet. On this line, which extended.:over. alengtit 
- of 8,766 feet, the flatness of the surface admitted of the 
works being carried on on one level, The size of excavar 
tion, however, required fof a: channel, 124 feet in. depth, 
with berms and slopes adapted to.the quality of soil with 
which we.had.to deal,*would have. been inconveniently 
out.of proportion to.the width to. which our.. bounda: 
ries were. limited. I. therefore, determined. on revetting. 
the whole. line with. brick retaining walls, by which -we. 
should economize space. by. relieving. the: -woxk. :from: 
slopes. 
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~The: section that was‘ determined: on was- shown in 
oigeaan 88; copy of which i is: ee convenience of: efehat 
introduced a hare, : au : 


: Diagram: 181. 























~The design, in fact, was an esplanade, 280 feet in width, 
bounded: on each’ side by fagades of native bazaar, and 
having the canal channel passing down. its centre, 
Bridges ‘of ‘cross-communication were to be adapted to 
tho: different strects that had been intersected by ‘tho’ 
works ;' and the spaces on the right and loft wore to be 
ornamented by four single lines of mangoe-trees, ati 
‘avenues extending on each side of the canal from Nov 
Bildga to the Ganges River. : 

“My idea was, that theso avenues, with the even and 
viell- laid metelled ‘road or esplanade on.which thoy wore 
placed, would become the general promenade, and, at any 
xato, the lungs and medium for ventilation of the town i in 

: their neighbourhood, 

‘I havo'in the chapte? above alluded to, ‘roferbed to 
this as well ad to the other objects which I contemplated 
in’ this line of works; the ‘works themselves, liowovat;, fite: 

* the: stbject: of the present chapter. 

From No. 1to No, 6 Bridges, the ground had ial 
the works were Inid out so that the osplanades ot upper 
levels should be parallel with, the canal bed, ¢., on a 
‘slope of 12 inches per mile; between the two extreme 
biidges-four others wore built; each on m aie pis eee in 
Bhess 44 of the Atlas. 

- These six bridges, therefore, divided the sil lang 
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of the channel into five separate bays, each of which had 
its retaining wall in the alignement of the bridge wing 
pillars, and its channel, fitted with either ghats (fights of 
steps) for the convenience of bathers, or with perpen- 
dicular revetments or quays for that of merchandize. The 
design of these different works will be understood from 
the plans. 

Parallel to the canal channel, and in lines, one of 
which rests on the extrema canal boundaries, and the 
other on the back of the retaining walls of the berm, are 
a series of drains or bombas, dropping vertically into 
masonry channels, which are constructed at right angles 
to the canal, These drains are built in positions suitable 
to the wants of the neighbourhood, and it is supposed 
that they will give efficient drainage to all the town, bazaar, 
and land requiring it. The principle on which these drop 
drains are atranged with reference ‘to carrying off the 
water from the high levels to those of the canal channél,: 
is shown in the above diagram, a aaa, 

The dimensions longitudinally of the different bridges 

_ and bays as mentioned above are as follow :— 


Feet. 

A No.1, Bridge . * é ‘i : 7 28 

Bay , . ' . . « 578 

Boy Bridge. . 6 1k, 

Bay . . . . . < 626 

© , 8 Bridge . oh . . . 28 
Bay * . . ‘ . u* 587% 

D , 4.Biudge . . . 7 ‘ Fi 28 

Bay oS. ‘ . 1,215 

ER, 5. Bridge . . . ‘ ‘ . 23 
Bay . . . . . . 6724 

FF, 6. Bridge . ’ ‘ ‘ . ‘ 88 

Total length from up-stream side of Bridge A No, 1 
to the down-stream side of Bridge F No.6 . 8,822 


On the left of the bay, and corresponding with the: 
lower branch of the church nulla, an outlet with two 
openings of six feet wide each has been constructed, for: 
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tho purpose of giving yelief on the occasion of heavy 
floods, ns well as of acting at a convenient spol as a 
regulator fox the supply of water upon the heads of tho 
locks, This outlet is carried under the esplanade by 
masonry channels which pass off the water down tho 
church nulla, Sluico gates for the purpose of regulating 
this escape are arranged at its head. They are on the 
simple construction adopted elsewhere. 

The Bridge F, No. 6, which is built for the accom- 
modation of the course road, is askew with an anglo of 
554 dog. conformable to that at which the road crosses 
the canal. : 

Up to this point the ovennegs of the surface of the 
ground admitted of the works being built, not only on 
an almost direct line, but with their upper and lower 
levols corresponding. From the course bridge, a new 
order of things commences, the ground falls off in con- 
siderable slopes, and at a point 515} feet from the down- 
sixoam side of the bridge, the drop of the first lock is 
‘situated. Although the samo system of parallel revetted 
linos for both the channel and esplanades is continued, 
the irrogularity of tho upper surface necessitates a decli- 
nation to tho esplanades, so that whilst tho canal bed 
continues on its uniform slope of 12 inches per milo, the 
osplanades or surfaco of the embankments, are carried on 
in a suecession of slopes corresponding with tho drops . 
at which the different locks are situated. On this line, 
mpreover, the direction to which we were limited forced 
upon us tho necessity of continuing the curve, so that in 
standing on the No. 6 Bridge we lose the perspective 
which a direct bearing upon the Ganges would have given 
us; an effect which would have been of material advan- 
tage to the look of the works. 

From No, 6 Bridge, therefore, the esplanade and its 
retaining wall slopo downwards on an inclino of 14’ to 100’ 
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for a length of 267 feet, at which point it meets the hori- 
zontal level upon which the lock buildings ave constructed. 
The distance between the foot of the inclined plane and 
the up-stream face of the bridge which crosses the lock 
chambers is equal to 868} feet, and it is proposed that 
this flat should be used as a landing-place for goods on 
boats haying reached the higher levels. In the imme- 
diate neighbourhood of No. 6 Bridge, flights of steps are 
built for communication between the high levels and the 
berm, and close upon the heads of the lock chambers aro 
side channels for the supply of mills which are situated 
on the right and left beyond the limit of the 280 foet 
boundary. The waste, or escape channels of these mills, 
enter the canal below the bridge, and at a point free from 
the influence of lockage. 

This bridge, which is called No. 7 G, corresponds 
with one of the main cantonment roads. It is built at 
right angles to and over the lock chambers, and has & 
roadway of 80 feet in width. Its total width betwoen, 
tho up- and down- stream faces is 83 fect (vide Plato 
XUIY., Atlas), 

At this place I may describe the locks; as, although 
in the detail of fixing and working the gates, in the plan 
and arrangement for the regulating sluices, and in the 
general dimensions of the chambors, they correspond 
closely with those which have been built on the main 
trunk, and which I have fully described in a formor 
chapter, there are some differences in the lining out amd 
general detail that are deserving of explanation. 

Tn the fitst place, I required an asconding and do- 
sconding series, so that boats might pass up from the 
Ganges at the same time that others passed down, 1 
" considered it to be a great advantage that evo sup- 
posing the Ganges Canal was not available for naviga- 
tion, the means of yeising loaded boats from the low 
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levels al which the river runs to the higher, whore the 
town and cantonment mre situated, would be » great boon 
to the commercial community, and, per se, a vory great 
advantagé. Such arrangemonts might be made by pro- 
porly economizing tho water, so that even in drought, 
whon irrigation carriod off the greater part of the supply, 
a sufficiont quantity of water would be available for 
purposes of the sort xequired, and although, after all, 
lifting boats by common water-locks is but a clumsy 
auvangemont, ahd in all cases a very slow ono, it is a 
vory great improvement upon the existing method of 
unloading boats on the lower levels, and carrying the 
goods on carts or men’s shoulders to the higher. 

Again, not only to effect this purpose, but to give 
full means for rogulating the supply at the head of the 
locks by appavatus fixed in the lock itself, it was desirable 
to design waste channels indepondent of the chambers, 
and in such a compact form that the object might be 
gained at the smallest possible outlay. 

Jé will be seen, theroforo, that tho centrical wall 
separating the ascending and doscending lock chambers, 
is porforated on itg whole length with « channel 6 foot in 
width, fitted a4 ils head with regulating apparatus, Into 
this channel tho low level chambor sluices, with theix 
circular drum regulators, discharge the surplus water, 
which passes off at tho outlet at the lowor end of tha 
wall. , 

« The drop at each of the locks is 9 feet, with a re- 
worvoir of 4 feet in depth at its foot, In front, and ata 
distance of 7 fect from the drop, a timber apron, for the 
purposes elsewhore described, separates the drop from 
the main body of the chamber, which is 112 foet long, 
inclusive of the lower gates. The width of tho chambers 
is 16 foot. Tho dotail of fixing and collars is precisely 
the samo as that carried into effect on the main trunk, 
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From the down-stream face of No. 7 G or No. 1 
lock bridge, a vecurrence of a similar arrangement to 
that last described delivers the esplanade on No. 8 H 
Bridge; the canal bed continuing on ils uniform slopo of 
12 inches per mile, whilst the top of the banks, for a 
distance of 285 feet 4 inches, ave on an incline of 13’ 
in 100 feet; the total distance between the down-stream 
face of the upper, and the up-stream face of tho lower 
bridge, being 1,548] feet. 

No, 8 Bridge H passes the main strect of the canton- 
ment oyer the canal. Its width of roadway between the 
plinths of the parapets is 80 feet, and its total width 
betweon its two faces is 83 fect, This main street road 
has been much improyed by the interposition of the 
present bridge, the elevation of which above the original 
levels xelieves the road from an awkward depression 
which originally existed, and which was one of the 
‘great disfigurements of the main street. To effect this 
a good deal of earthwork was necessary in forming 
the approaches, and some masonry in securing effective 
drainage. 

At this point the canal is fairly in tho rayino or line 
of drainage, as shown by the map, and, as it will be 
observed by studying the longitudinal profilo of tho Iand 
with which it is connected, is mixed up with a quantity 
of broken and irregular ground, which required a great 
doal of artificial embankment and much care and judg- 
ment in laying it ont. Great attention on the part of 
the engineer in executive charge was required in dis- 
posing of the drainage water, not ouly during the pro- 
gvess of the works, but in so adjusting the inlots that the 
water might be admitted in sufficient quantities to relieve 
the country, and at the same ‘time by such gradual 
means that neither the canal works nor the country 
itself should bo injured. This was most satisfactorily 
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accomplished by Lieutenant Hodgson; tho greater 
portion of the drainage water which fed tho ravine 
boing turned off in a gouthorly direction, as shown in 
diagram 180. 

From the down-stream faco of No, 8 Bridge Hf to 
the hond of tho drop of the next lock, the distanco is 
852 feot; tho canal bed being continued on a slope of 
12 inches per mile. At the point where this descont 
takes placo tho fall is considerable, and it ig disposed of 
by two locks in succession, each having a fall of 9 foot, 
The dosign of these works, boing similar to those before 
described, needs no further illustration. At their tail, 
howoyer, No, 9 Bridge I is thrown across the chambers 
in the samo way as it is done in the casos before desoribed, 
affording convonient cross-comuiunicalion 10 the bazaars 
and houses in the neighbourhood. 

Tho plan of overcoming the depression of the country 
on this line is offectod in the same way as was described 
in the approach to No. 1 lock, Tho esplanade is carried 
on an inclined plane from the down-stxeam face of No, 8 
Bridgo, on a slope of 1 foot in LOO fect, to a point 681 
foot below it; from whonce tho osplanade continues 
horizontal wp to the hoad of No, 8 lock. From this 
point anothor inclined plone, on a slopo of 74" in 1,000 
feot, dolivers the osplanado on tho lovel of the roadway 
of No. 9 Bridge, which, as I havo before said, crosses tho 
tail of tho lock chambers. The flats at the head of the 
locks ave intended for the accommodation of loading and 
unloading morchandize. 

Between these two bridges, No. 8 and No, 9, we 
wwero in contact with the old ravino, and on the down- 
stvoam side of, and clogo 10 tho formor, a deep hollow 
extonding for 158 foot, With its bottom 12°2 feet below 
tho canal bed, lad to bo filled in, and the foundations of 
the revetments had 10 be carried to a proportional dopth. 
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On the approach to the head of the locks a good doal of 
gvound had to be cut away to bring the osplanade on a 
uniform level. The whole of the ground, in fact, was a 
series of ups and downs, hills and hollows, requiring 
much care and pains in its adjustment. 

At the head of the locks No, 2 and No, 8 arrange- 
ments have been made, by constructing outlot heads, for 
establishing mills or machinery, should such bo hereaftor 
degired, 

The country drainage is on this line managed in tho 
game way as it was before, and as is fully detailed in the 
sheets of maps. 

We are now rapidly descending to the edge of the 
‘water of the Ganges, although (as I have before de- 
scribed as a peculiarity in the immediate vicinity of the 
river) gottinggamongst elevated mounds which, low as 
the level is comparatively with that which we passed 
in oux progress through the town, is high with reference. 
to the uniform series of descent by which the canal 
works are gaining the lower levels, Through these 
mounds cutting to a considerable extent was required, 
especially in advance of the works which I have just 
described, 

From the down-stream face of No. 9 Bridge tho 
esplanades are sloped downwards, until they moot tho 
horizontal levels which continue up to the, terminal 
buildings, These slopes have a base of 2844' to 9! 
in height, and the length of the flat in front is equal 
to 508% feet, moasuring from the foot of the slope to 
the extreme point in the curve of the semicircular ends. 
On this line No. 4 and 5 locks ave situated, cach with 
a drop of 9 feet, placed in close proximity to cach other, 
as in the case of Nos. 2 and 8, and in dimensions and 
design precisely similar. 

On. this line there is no masonry bridge across the 
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chambors in consequence of the position of the food 
lovels of the Ganges during tho rains, which it will be 
obsorved by roferenco to fig. 2, Sheet 5, Plato XLIV., 
stood 18 inches above the sill of No. 4 lock. 

I havo, in Part IT., Chapter IL, when reviowing tho 
works on the Cawnpoor Terminal lino, described the 
uchitectural features of the terminus on its Ganges” 
face, showing how I have attempted to plan these build- 
ings in harmony with others which, seatterod along the 
edgo of 9 richly-wooded bank, axe so characteristic of 
river scenery as connected with towns and cities on the 
Ganges and Jumna. The lock-chambers ave flanked 
by semicircular ghats or flights of steps, reached from 
the higher levols by stairs opening laterally from tho 
higher levols of tho esplanade. These lateral stairs avo 
broken by a landing-place which gives tha steps a direc- 
tion to the front, and delivers them on tho upper terrace 
of the semicircular ghats. On the right and left of 
these steps, and standing well above the terrace, are 
pedestals for the reception of sculpture’ emblomatical of 
tho Gangos River. Nundi’s cow, which is one of the 
bost of the Hindoo conceptions in tlie way of sculpturo, 
being « cow in repose, although with its head erect, 
ig the emblom that I proposod for these pedestals, Its 
face would bo towards the stream. 

On tho flanks of each of tho semicircular ghats are 
octagonal pavilions, consisting of domes supported on 
pillars. Hach flank, therefore, of the lock-chambers is 
ornamented by two pavilions, with their intermediate 
flights of steps. Those of approach to the front staircase 
being flanked by the sculptured figures before alluded to, 

The state of the Ganges River during high and 
low water will be understood from fig. 2, Sheet 6, 
Plato XLIV. of the Atlas; the oxtremes, as shown in 
thig sheat, Being 15°16 fect. Dung high floods, there- 

pp 
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fore, the lower, or No. 5 lock, would be ontixoly thrown 
out of use; No. 4, also, would only roquivo the uso of 
the gates for londod boats on theiy drawing moro than 
18 inches; and for desconding craft, the voltimo of water 
passing down the canal would, supposing ib were four 
foot in depth, roach the high levels of tho Ganges on a 
vapid which would render the uso of the Nog. 4 and 6 
locks unnecessary. 

On tho wppor lovols to the works just doseribed, and 
on the flab below the No. 9 Bridge, houses for ma- 
chinery might be erected. Water-power at this point 
would vary with the rise and fall of tho Ganges, and 
during the yainy months, when the surfaco of the rivor 
arrived at ils maximum, it would be cithor impeded or 
atoppod altogother. Mills and other machinory, there- 
foro, ought to be placed on tho levels, on and above 
which No. 9 Bridge is situated. On all the upper ling 
the back water from the main river would have no 
influence, , 4A. 

From the above description, with tho plans before 
him, the reader will be able to comprehond tho design 
of these works through thoir whole length, viz, from 
No, 1 Bridge, where the continuous masonry works com- 
mence, to their junction with tho Ganges River, Tho 
total length is 7,978 feet, 8,822 feet of which has its 
esplanades on a level parallel with that of the canal 
bod; and the remainder, which includes the whole lino 
through which lockage is carried, is in a succession of 
slopes and flats corresponding with tho natural descent 
into the river. 

Asa general rulo, the suporsoil to a depth of 6 to 
10 feet was found to be of a very tenacious quality, 
below which it was moro or less sandy, in some places 
of unmixed sand. Tho foundations were laid in without 
any interruption from gpting-waler, and were, conse- 
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quontly, of simple construction, and in unbroken lines 
of wall. Tho whole of tho works have boon built of 
byick masonry, generally speaking, with 12” x 6” x 8” 
bricks, bunt in tho neighbouring kilns, although tho 
small native brick has been largoly used, not only from 
the ruins of the old buildings that were purchased, but 
also from tho puzawas, or native kilng. Good and well- 
burnt bricks, in fact, wore taken without veferonco to 
their size, although the larger class was preferred, and 
was more generally brought into uso. 

I have devoted a sheet of the Atlas to the design for 
the foundations of the river front, which, as coming in 
contact with a lighter soil, and being directly in con- 
nection with the main rivor, required peculiar caro and 
attention, On the face of this plan my working directions 
to the engineor in chargo of the works will sufficiontly 
oxplain tho nature of the operations with which we had 
to deal. Tho superstructure, it will bo observed, is 
founded on a sories of blocks, undersunk in tho way 
that has been elsewhere described. These blocks axe 
carricd to a depth of 12 feot, varying, howover, with 
the naturo of tho soil that was mot with in the courso 
of undorsinking. Tn front of the whole work, and facing 
the river, a protective apron of pilos and hoavy matorial 
has been givon (similar to thet which has beon adopted 
wherevor masonry work is in contact with a stream or 
current), as shown in fig. 1, Sheet 5, Plato XLIYV. of tho 
Atlas. 

The yates at which tho brick masonry was executed 
on this lino of works averaged, per 100 cubic fect, Co's. 
ynpoos 16-14-3, the oxtremes being— 

Ra, 19-10-8 for mach-woik, 

Re. 14-1-10 for other kinds. 
The difference dopendod on the species of work that was 
exocuted, 
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From No. 1 to No. 4 Bridges on the upper line, with 
a portion of the intervening revotments, were dono under 
the management of Lieutenant C, W. Hutchinson, who 
in the first instance had chargo of the worka. The 
cement which was used at this time consisted of about 
equal parts of kunkur lime and bujreo; the rate of 
masonry being, per 100 cubic fect, Co’s. rupees 14-9-10. 
Lieutenant Hodgson, who succeeded the above-men- 
tioned officer, and under whom the greater portion of 
the work was done, by having the lime burnt upon tho 
works, and by putting a stop to the purchase of ready- 
made lime from contractors, introduced an improved 
material, which in my opinion has led to superior 
masonry. Lieutenant Hodgson’s ingredients for cement 
were as follow :— 


‘Three-sevenths kunkur lime, 
One-seyenth sookee, 
Three-sevenths bujiee; 


and his rate per 100 cubic feet of masonry was Co's 
rupees 14-146, 

The rate for undersinking the blocks is shown below. 
The work, howevor, was in progress at tho poriod of m 
leaving India, and the rate, thorefore, which I have givon 
is consequently imperfect, in so far that it doos not 
include the general averages of contingent expongos, 
which can only be made up on tho completion of tho 
work. 


Cost of under sinking masonty blocks at the Cawnpoor Terminus, 
Co,’s rupees 7-2-0 per running foot, 


IL. Terminal Works on the Htawah Line, 


None of these works had been commonced upon at 
the period of my departure (1854), and, as I have said in 
a former chapter, I would recommend theix postpono- 
inent until a futte date, when tho supply of water, 
and ‘its effects upon the Cawnpoor Terminus, aro Dettor 
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understood than they are at present. Thero can be no 
uso in hurrying to completion works which cannot in 
all probability be required for many years to come, I 
would, therefore, colloct all the imperishable matorials, 
6.9. kunkur and bricks, necessary to carry on the build- 
ings with vigour whon lockage into tho Jumna was 
desivod ; but as the progross of tho works now going on 
on tho Etawal lino will not for a period of two yoars bo 
advanced to the point where tho terminal works aro to 
bo built, thero is plenty of time both for considoration as 
to the period of their construction, as well as to their 
design. Of the latter, therefore, I shall content myself 
with giving the general views I hold on the subject, 
leaving the dotail to my successor, who will be better able 
than I am to dotermine a plan for buildings appropriate 
to tho desired object. 
There are two points on which the Cawnpoor and * 
. Etawah termini differ very matorially, and both of them 
are of great importance in any design that is projocted. 
1st, The Cawnpoor Torminus is in the midst of a town 
through which the canal channel passes, on a length of 
7,078 foot, beforo it ronchos the river. Qndly. The slope 
into tho Ganges at Cawnpoor is comparatively abrupt, 
the locks boing at no groat distanco from cach other, and 
all of them in a compact and regular sorics. Tho Btawah 
Tovminus into the Jumna, on the contrary, is on an opon 
comry, soparated altogether from towns or villagos; 
and the high bank or commencement of the descent from 
the high to the low levels, is situated at a distance of 
1} milo from the bed of the Jumna, the stroam of which, 
at tho period I am writing, runs on the Bundelkhund ox 
opposite sido of tho valloy, leaving a long tract of inter- 
mediato low ground betweon the first descont down 
which lockago will be required, and that by which accoss 
will bo gained to the river itself, Here, thoroforo, will 


a 


408 TERMINAL WORKS. [PART It. 


he e long straggling lino of works, instoad of a compact 
series of buildings, as is the case on tho Gangos, and 
here also, » less expensivo desigu will bo more appro- 
priate, It must, nevortheloss, be kept in mind, that if 
the supply of water in the canal is sufficient to afford 
water for navigation as well ag for ixvigation, and if thore 
is sufficient wator in tho canal to keop a constaitly run- 
ning supply upon the locks, theso buildings will inevitably 
become the nucleus of a town and the soat of a manufac- 
turing population, based upon tho water-powor which is 
ayailablo on the high levels upon which theso works aro 
situated. Although, therefore, there may bo no necessity 
fox going into heavy expenses in ghats, mills, &e., in tho 
first instince, we ought to hold those objects in contem- 
plation, and bo prepared for a period when, if necossary, 
they may be built in conformity with 2 comprohensivo 
design of which tho existing works would be the nuclous. 

Under this view of the question, therofore, I would. 
rotain the plan of the ascending and descending serios, 
or of the double line of chambors, os has boon built at 
Cawnpoor; I would also adopt the method of waste and 
oseape channels therein practised, but I would limit tho 
extent of revetments, and be satisfied, for the present, 
with eaxthon slopes, thereby leaving full scope for im- 
provements afterwards. 


Diagram 132. 
3 3 8 g 8 2 8 88h 
B93 8 | g & 8 Bs 
“0 0 
| ; 





The above diagram exhibits in aoclion the slope of 
country gonnected with the descent in approaching the 
Jumma River. There, will be four steps, separated by 
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roaches varying from 600 te 2,000 foot in longth. The 
dosign for passing these steps will be undorstood from 
pl No, 66 of the Atlas, which represonts in detail tho 
touminal nest of locks which deliver the canal water into 
tho Jumna River. 


Il. Tomine of the Branches. 


A. Futtigurh Bronch.—This is a work which is alto- 
gothor prospective ; it has been fully explained in Part IL, 
Chapter IIT. At present the branch is designed slrictly 
for irrigation, and it termimatos at the 160th mile 
of its course in an escape which throws the tail-water 
into line of natural drainage. Tho distance from the 
torminating point above noted to the Ganges River at 
Futtigurh is 21 miles, and ag the total fall may be con- 
sidored as equal to 41:19 fect, a series of lockage as I 
have proposed, viz., four drops of 8 feet each, with an 
intermediate slope of 54 inches per milo, do ag to provide 
a modorate scour to the channel, would connect this 
branch with the town of Futtigurh, as woll as with the 
Gangos River, which rms immediately bolow it. I have 
ontored fully into this subject, however, in the chapter 
before referred to. 

Band 0, Lhe Bolundshuhur and Koel Branches-—The 
former after passing through 80 miles of country, and 
tho latter through 50, form a junction at a, point not far 
from the town of Hatrass. From thenco they proceod 
onwards in one united stream, under tho name of the 
‘¢ Hatvass Line of Invigation,” through the country lying 
between tho Seyngoor and the Jumna Rivors. This lino 
torminates in thd ravines on the Seyngoor River, or it 
may bo carried over these ravines and form a junction 
with the Etawah Terminal on its approach to the Jumna, 
Tt is supposed, however, that at such extreme points, 
oxeepting during tho rains, there will bo no wator sufi- 
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cient to render permanent: works. nocossary ; ° a pont 
which experience only can decido. 

‘T have, when describing’ the’ Boltndalintiur Branohy, 
salted to. the possibility of a navigable line. being taken 
from. that ‘branch to the Jumna, passing by the town of 
Belaspoor. This line would join the Jumna immodiately 
below the confiuence-of the Hindun River, and might be 
convenient as opening out a lino of traffic froma country 
Aichly cultivated.to a river which, although not capable of: 
enrying heavy craft. during tho dry months .of the, year, 
holds sufficient water for the. easy passage of ‘such. boats 

as would pass down tho canal; it would, in fact, connect 
the Bolundshuhur and the districts in its. immediate: 
‘neighbourhood with Delhi, Agra, and the towns -Aying.« on 


P) ithe banks of the Jumna, 
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‘Cuarrer, IX. 
“SOLANT aquupuer. 


ia SHALL otisid the works on the Solani River vihioth are 
discussed. in this chapter, as divided into three sections: 
fo. * Ty Barthen portion, revetted, with terminal works, 
for the passage of the canal across the Solani 
z ‘Valley; 
» IL: Masonry portion, for the } passage. of ak Solan 
o Torrent, 
III, Bunds and embankments on the Solani River 
; itself, in connection with the aqueduct. 
\ Thave in the early part of this paper explained. the 
. position: thats the Solani River holds with. rofevence «to 
the dvainage of that portion of. the. Ganges Khadir with 
Which the canal works are connected,” It is in extent of 
caichment basin, dependent. on our works for escape, -by 
“fay tho-largost of all the torrents; the slope of bed,. how- 
ever, in. contact with these works is comparatively mo: 
-dorato,. but: it. meots us in a xegion of sand. ‘The area 
of tho basin lying above the works is equal to 216 square 
“rniles, itplength may be estimated’ at 27 miles,’ dnd its 
: average breadth at 8 miles... Of this area 50 aquare milos 
“Hie in the -Sowalik hills, the ‘remainder ‘on:;xapid:“but 
gradually. ‘decreasing slopes, until it reaches the Ganges 
Canal works, where the fall i in fhe ee cof the river is 
5-08 foot-per mile, 
Tho. topographical. character ‘of this basin: is exactly’ 
the samo ag that of the. basing of. the other mountain. 
_ toronts connected, yeithy the ' awaliks ‘already’ doscribed. 
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In the hilly themselves, the tributaries and water channols 
that pour their supply into the main branches are dis- 
tributed on courses so marvelously tortuous, and over 
ground so curiously entangled with ravinos, that without 
visiting tho top of one of the high peaks which aro 
scattered along tho ridge, it is hardly possible to appro- 

ciate the nature of the drainage, or to ostimato the 
amount of area connected with theso torronts. The 

aspect of tho Sewaliks as viewed from an clevated point, 

is that of an extensive plateau, broken up by an entangled 

reticulation of fissures or ravines, the continuity of any 

single line being to the oye untraceable, from the inextri- 

onble confusion that appears to oxist, True position of 
watershed can under such circumstances hardly bo 

defined, and thet above given, which is taken from tho 

reyentie map, must only be considered as tho noarest ap- 

proximation. Tho Solani Valley lies on tho oxtromo west, 

and skirts the Bangor, or high land of the Doab, on ils. 
whole course to the Ganges. Its heads are-on the water- 

shed which divides the basin of the Jumna from that of 
the Ganges. The water that is shed on tho wostorn side 

comes in contact with the Haste Jumna Canal works, 

as connected with the Muskurra; that on the castor 

flows towards the Solani Aqueduct, 

The Muskurra, as Ihave formorly mentioned, has great, 
advantages in its elevated position with regard 10 the 
general dvainage of the high land over which it passos. 
These advantages have beon clearly discerned, and used 
largely in directing the torrent on lines bearing away from 
tho canal works, by which tho river itself on its coming 
in contact with tho dam at Kulsceais reduced to manage- 
able proportions. 

The Solani, on the contrary, which has a hill front 
equal to 12 miles, plunges at once into low land, and oua 
of itg main branches, which dcbouchos from tho well- 
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mown pass calleil the Kheeri or Lal Durwazt (through 
which is a road from the plaing to Mussoori and Leandow), 
forms its jumetion with the main stream that procoody 
onwards under the name of the Solani, just below tho 
town of Kheeri and tho high road from Saharunpoor to 
tho hills. At this point the high land which forms the 
eastorn Border, and slong tho foot of which the Solani 
Rivor runs, is 18 foot highor than the bed of the rivor; 
a command which is fuernnael on its arrival at Roorkee, 
or at the site of tho aqueduct, to 41 fect. There appears, 
thorefore, 10 be a bar to any diminution of the volume of 
tho Solani River, by throwing it upon other lines, as has 
been done in the case of the Muskurra. The headg of 
tho West Kalli Nuddi, which lie to tho west of Roorkee 
and Bhugwanpoor, appear to be the only available hollows 
for such a puxpose, and their relative levels are opposed 
to it. It has, therefore, been considered ag a matter not 
to be disputed, that the Solani River has to bo dealt with 
in its intégrity, and that, as in the case of the Rulmoo and 
Putiri torrents, wo have no othor resource than to meet 
oach other by mutual accommodation, Without loading 
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SOLAN RIVIR, 18t4. 
Showing the high-water mark of the Pool a - oe 
of the 28th July, 1844 iyi 
. Rg 





# 








gos 5 


gh: tooo Mase” aay 









wator 
astity 
it 


Total area of Section 16,019 i feet, 
Senate for lengths, 


FM re ae npere 
Bet 7 HgTe ir 


¢ 


FroD tore 


Scale for heights 
this paper with rogisters of floods, the annoxed diagrams, 
showing two of the highest on record since the year 1840, 
will givo a tolerablo idea of the extent of the Solani, and tho 
amount of inundation dependent tipon it during tho rains. 
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wrt ino onwhtoh the above sectlon was taken. Is perpendicular to the trent, and was selected 
during tho height of tho flood of the 5th August, 1845. ° ‘Lhe above area appenred to be accu 
‘pled by sunning. water, the yoloeity of which was not -measnred, but was Seitmnalad’ not to 
oxeced an avorngs of five fuet por second, 
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2 Both ba floods ooiunied provibusly to the coramence-:; 

a ment’ ‘of. the aqueduct works, and ‘before obstiuction: in: 
. any form had been placed in the way of the water. : The’ 

“value of the calculations may be estimated by the remarka - 
appended. to: the diagrams, . Tho section of 1844 was 

 takén: somewhiat. obliquely to the: courso of the river, and 
in both cases the calculated discharge I believe a0 boi in 
excess to the title one. 

Phe. valley ou khadir : through. which the biajicliea 
running from the hills pass up to their. confluence. below ‘: 
the town.of Kheori, is:almost entirely forest, of that ordor » 
which is peculiar to the southeim foot of the Sewalike, 
composed:in'a great measure of kyy (Acacia. catechu)., 
with low: growing shiubs, dotted hero. and-there with - 
bur, -peépul,’ and . other gigantic trees, which: are by 

‘-mo“means <numeroug. ‘Tho. land .in-.the immediate | 
neighh muhood:-of. the hills is: shingly, and move: or logd::- 
as Ne boulders, obtained. from. the: dogendation of, 
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the super -strata: of the Sowa, which ‘consist of shingle 
beds, -On'the lower tract it is clay and sand, much’ in- 
texsocted by lines of drainage. The boulders and. hinge 
conse ‘before:the branches reach Kheeri. ° 
“Bolow this junction, or below the confinence of the 
difforent branches which are connected with the Sewalike, 
tho Solani runs in a straggling contse between the high 
isolated mound which separates it from the Rutmoo, and 
tho elevated land’ on the right. - At some points it shows 
a woll-defined section through.clay of a very tenacious” 
quality, at others and. generally. speaking, it wanders’ 
about on a tortuous: course through the low land or khadir, 
which during geological periods it has provided for itself, 
Here: the bed is universally sand, although ‘in the few 
cases where the viver runs ina confinéd. channel, the 
“banks and bed are of. clay. A very good section of the 
latter description will be found at a distance of 8,500 feet 
from the up-stream side of the aqueduct, where the river 
during its highest floods appears to pass-through a well-:- 
défined channel, without. lateral inundation of, any. sort, 
At. the site of the aqueduct. the tourse:of: the river, was- 
_ tortuous, with a sandy bed depressed about 4. fect. below. 
tho surface of the valley,,which on its whole extent below. 
Khéeri is more or less cultivated with wheat and ones se } 
weather crops, 
Té will bo. understood that: the, high land okie on. 
the Solani: Valley between. Kheeri and Roorkee throws.a.” 
‘considerable. quantity of drainago-water, into. the valley 
this is: effected on the right by well-rounded off. ravines,” 
some-of them extending a mile into the country, and.con-) 
nected. with land of a.very- auidulating character. On. the. 
lofi, ox ‘from. the isolated high land which Ihave called tho: 
Peoran Kulloonr:ridge, the same spocies of drainage takes 
“place, varied, however; by two lines of: “considerable, im- 
portance-as oxhibiting collective drainage, the one betwoen 
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the towns of Sukrouda and Imli, the othor rising near 
the village of Goomawalla; the formor was one of tho im- 
podiments that offered ilsolf to tho circuitous line which 
‘was the alternative in crossing the Solani Valloy; tho 
latter, which I have callod tho Imli Nulla, as it passes to 
the east of that town, joins tho main torront ab a point 
about 7,200 feet above the aqueduct, Imay observe that 
in estimating the value of the catchment basin, I have 
included one mile in width of the high Jand lying on the 
right, and the whole, or noarly the wholo, of the Poeran 
Kulleeur ridgo, which lies on the left of the Solani Valley, 
ag ground which sheds its water into the Solani Rivor, 

A peculiarity which is an attendant feature on all 
these khadir rivers when bounded by high banks, viz., the 
existence of nullas parallel to and close under the banks 

- themselves, is here, as elsewhere, remarkably prominent. * 
They exist both‘under Roorkee and under the villagos of 
Muhowur and Bajooheri, oy those lying on the right and 
left of the valley. They are crossed at its intersection by 
the aqueduct. 

In the chapter devoted to the dams, in which the 
detail of the Rutmoo River and its works is given, I havo 
explained that the lino of canal on its change of direction 
al those works, proceeds on a direct boaring through tho 
Peeran Kulleour ridge 10 Roorkoo. This bonring ig 
218'36 deg.; it is unbyokon, tho axis of the rogulating 
bridge at the Rutmoo or Dhunowri works, and that of 
the Roorkee Bridgo, which is situated at the down-stroam 
terminus of the aqueduct, boing ono. 

The surface level of the country on tho lino now 
taken up by the aqueduct, is shotyn in the longitudinal 
section or profile, Plate LXIYV. of the Atlas. The aligne- 
ment touches the valley first between the two villagos of 
Muhewur and Bajooheri, and roaches the opposite side 
close upon the east of tho town of Roorkee, The width 
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of this valley between tho points where the truc bed of 
the canal intersects tho high banks on its right and left, 
ig oqual to 18,265 feet, or a little move than 2} miles. Tig 
maximum depression below the canal bed is 24, and that 
below tho surface of the country is 41 fect. 

Tho aqueduct consisis of a masonry channel carried 
ovor tho Solani torront on a serics of 16 arches of 
50 feet span each. This masonry channel is connected 
to the high land at Roorkee and Muhewur by an carthon 
channol, flanked by revetments built in the ghat or step 
fashion. These revetments are backed by wide embank- 
ments, the upper surface of which is 80 feet in width, 
with oxterior slopes of 1} to 1. The earthwork, both of 
the canal bed (which from tho above explanation it will 
be understood is considerably raised above the valloy) 
and the embankments on cach side, is made with great 
care and woll consolidated. 

The longitudinal dimensions of the works on this 
rivey will be understood from the following diagram :— 


Diagram 185, 
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With these profatory remarks, which will explain tho 
gonoral character of tho rivor, as woll ag the naturo of 
the work which hag beon designed to effect its passage, T 
may take up the detail seriatim, commencing with— 
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in the cold weathor of 1846-46 on tho loft bank of tho 
Solani River, and in low ground betiweon it and Muhewur. 
The work at this poriod consisted of oxenvating tronchos 
on the right and loft of tho aquoduet lino, and throwing 
tho earth on tho contro, so a8 to form a nuclous for the 
raised embankment which was to constitute the bed of 
the canal on that portion situated befweon the rovot- 
ments, The lining out upon which this work was 
executed was as follows ~— 


Diagram 136, 
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The trenches were 188 feot in width, and carried to a 
depth of 5} feet, the earth being placed in contact with 
the axis line above shown, and in such a manner that it 
should not interfere with the building of the revetments, 
the lining out of which was not porfected until the 
beginning of 1848, The oarth obtained by the means 
above described, although by no means inconsidorable in 
amount, was small when compared with that voquired. 
It provided, however, a good foundation upon which 
superstructure might afterwards bo raised. Tho carth 
itself, ag taken from the surface, was tolerably good, and 
in 1848, on my rejoining the works, I found the whole 
in a very satisfactory state of consolidation, 

At tho same time that tho work above oxplained was 
in progress, the canal channel at Roorkeo was going on, 
Tere a commoncement was made on the edge of the high 
land, and the carth was carried out into the yalley by 
whoelbarrows moving from a high to a lower lovel on a 
continuous line of planks, the distanco to which the carth 
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was carried by those means being from 200 to 800 yards, 
and tho labourers who woro employed being able-bodied 
mon, receiving as monthly pay 4 rupees. Major Baker— 
who at tho poriod that I am now doscribing was directing 
tho progross of the works—in writing to tho Military 
Board on the 22nd August, 1846, observes, that the 
work above alluded to may be considered to have been 
oxecuted under favourable circumstances, and “ yet tho 
rato of earthwork averaged from 8 to 5 rupees per 1000 
cubic foot, increasing rapidly with the distanco to which 
tho carth was conveyed.” Major Baker, in pointing out 
the necessity for using vails and waggone on the northern 
sido of tho aqueduct, or that noar Muhewnr, and showing 
that the whole of the carth beyond that already excavated 
in the side cuttings must be brought from tho canal chan- 
nel oxcavation in the Peeran Kulloour ridge, recommended 
that my agency should he employed for the despatch from 
England of the ironwork required for a certain number of 
waggons, and that no time should be lost in the arrango- 
monts which had been formerly proposed of obtaining 
from England the sorvices of artificors, and mon practi- 
cally nequainted with timbor and ironwork. As carly, 
thorefore, as 1846, preparations had boon made for 
supplying the works with moans of transporting earth 
from the distant cuttings, In tho meantime, howevor, 
tho progress of the works was delayed by a varicty of 
cixeumstances, which have been detailed in the first part 
of this report; and althongh nothing was carried on with 
vigour until very shortly before my retwn to India, I 
found on my mrival at Roorkes, a considerable number 
of waggons roady for use, with much preparatory infor- 
mation on the economical practice and construction of 
dam ov railroads as adapted to the particular duties for 
which wo required them. My duties, thorefore, were 
comparatively easy, and confined, it may be said, to 
REQ 
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working out the design, and carrying out such improve- 
ments ag experience showod to be necossary. 

On my retuming to Roorkee and relieving Major 
Bekor from tho divectorship, tho stato of the works 
may be thus doseribed. Tho tvonchos on the left, or 
north of tho aqueduct, were very noarly completed, and 
the emth was placed in position, as shown in din- 
gram 186; a tomporary or service bridgo had been 
thrown over the nulla or lino of drainago which T have 
doseribod as skirting tho valley on tho Muhowur sido, 
and which was intorsected by tho aquoduct embank- 
ments. Tho object of this bridge was to afford a passage 
ox moans of communiention on tho lovol of tho valloy for 
omts and Jabourors, and on tho higher lovels for tho 
ballash waggons whon carrying oarth, Tho bridgo was 
situated on the axis of the aqueduct, as figured in the 
above diagram. . 

On the right or Roorkee bank of the Solani, a portion 
of tho side revetments had been completed on a line of 
100 feot, and a considerable portion of foundations and 
archwork bad boen done and was in progress in tho 
vicinity of the completed portion, Marth had also beon 
oxcavated and carricd, as I have above described, in 
whoelbarrows, 10 the spaco botweon tho royotment walls. 
Lieutonant Yule, who at that period was oxcculive 
enginoer in chargo of tho works at Roorkee, was algo 
engaged in laying out tho alignomont of the side rovet- 
mounts between Roorkeo and Muhowur; a work requiring 
groat skill and caroful observation, the direct line upon 
which tho walls wore to be carried boing upwards of 
23 miles in length. 

Captain Goodwyn, who rolioved Lioutenant Yulo on 
tho 15th of April, 1848, and My. Finn, who a short timo 
previously to my zetwen in January, had been appointed 
to the Material Dopartment, commonced at this period to 
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organize a system of railways, connected with the brick 
mantfactorios which had beon established at Roorkee 
and Muhoww:, that is to say, at oach end of the aque- 
duct, Tho vailways were necessarily a main feature in 
the earthen aqueduct, ag it was through thoix aid that 
the embankments would be formed. Tho first part of 
ow operations, therefore, consisted in laying out the 
brick-fields in a uniform shapo, with lines of rail wm- 
ning parallel and close to the kilns; these formed branch 
or second class lines, which were connected with the 
first class, laid along tho axis of the main canal. The 
former were single, the latter double lines of railway. 
The branches were confined entirely to the carriage of 
bricks or material from the mannfactories ; tho main line 
was for transporting carth from the channel to the em. 
benkments, which in viaduct fashion were pushed forward 
into tho valley, the railways being oxtended at their 
termini, in proportion ag the work on the excavation and 
the ombankment advanced in progross, 

On the loft or Muhewur side, tho direction of tho 
slopo of the railway corresponded with that of the canal 
and tho natural flow of the water, A commencement to 
tho railroad, therefore, was mado at a point near Mu- 
hewur; the line was carriod on a slope of 1:5’ por mile 
contrically on the canal channel, and earth excavated 
from, tho Peeran Kulleeur ridge was pushed out, and the 
line progressively advanced until it reached the Solani 
River, or the point where tho earthwork terminated on 
tho masonry aqueduct. The gradient of the rail wag 
8 inches in oxcess of that of the true hed of the canal, 
and consequently obtained at its extreme derminus o 
depression below that of the true bed level, With this 
main centrical Ene two branches were connected, one 
lending to brick-fields and limo warehouses, which were 
situated on tho high ground, tho other to tho great brick 
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manufaclorios under tho Muhownr village, and on tho 
slope of tho bank bordering on tho valloy. Tho former, 
2,050 foot in length, was obtained by somo modoratoly 
doop cutting, mad was brought upon tho main line by a 
enrvo of 800 fect zadiug on a gradient of 1, foot in 
188 feot. Tho othoy was a hoavicr work, os it had to bo 
carviod from tho canal bed on rathor a high lovel, over 
gome very low ground lying on tho: outsido of tho om- 
bankments. Ovor this pieco of low ground a tomporary 
bridgo was constructed, and the railway, which was carried 
ovor i on rathor a sharp curvo, was pushed forward on an. 
ombankmont raised to a moan height of 20 feot from the 
ground, and in a direction pavallel to and at a distanco of 
100 fect from tho lino of brick-kilns, By this arrango- 
mont, although we had more difficulty in loading the 
waggons, wo avoided tho groater difficulty of a steop 
inclino, and by tho rail being olovated there was no in- 
toruption to communication, foot passages boing made 
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through tho ombankmont and ander tho rail ab fixed 
distances along tho wholo lino. From tho sharpness of 
tho curve ab tho point whoro tho reilvoad crossed tho 
gorvico bridge, it was found uecossary to raise tho bars 
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on the concave or outer side 8 inches above those of the 
innor, Tho length of this lino was 2,500 foet, on o 
gradient of 1 in 250. 

Tho direction of the vailroads on the Muhewur sido 
will be undorstood from the preceding diagram, 

On the right of Roorkeo side, aftor comploting the 
flooring and foundation of tho bridge, a similar line of 
railroad was laid down from the bridge towards the 
valley. Ag tho direction of tho required gradient was 
opposed to that of the canal bed slope, the position of 
tho rails at tho bridge was raised so that the road, when 
ib camo in contact with the masonry aqueduct on the 
point whero tho earthwork terminated, might coincide in 
lovel with that particular point. This can be best do- 
scvibed by a diagram representing tho differont lines of 
rail a8 connocted with the Roorkeo side, during the pro- 
gross of tho works, 
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Tho gradient of tho brick-kiln line on K A’ a, north of 
tho Roorkeo Bridge, was 1 in 208; south, 1 in 200. 
That of the excavated line H A was 1°25 fect per mile, 
Tho above, although somewhat anticipating events, 
when describing our early operations, will show how 
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the railroads gradually got into propor form. The main 
line A H, which is conlinucd on one uniform gra- 
dient, so as to deliver tho earth on tho highost levols 
required for the bed, stood during our eatly progress on 
a very elevated position ; whereas ity parellel lino A’ L, 
which was specifically designed for the carriage of bricks 
from the kilns to the works, was dopressed, so that at the 
point A’ it touched the levels of the cutwator heads of 
the aqueduct proper, along which it was carried, ulti- 
niately, across the river, and joined on to a branch taken 
from the main trunk line on the Muhewur side of tho 
embankments, As tho work advanced in progyross, 
therefore, the termini of the aqueduct, and the works at 
Muhewur and Roorkee, becamo connected; a bond that 
was more closely tied on the completion of the arches of 
tho aqueduct proper, when the main trunk was carried 
across, forming a line of railway from Peevan Kulleour to 
the Roorkee kilns. 

The first rail that was laid down consisted of bars of 
flat iron, varying from } to 3 inch in thickness, screwed 
upon longitudinal sleepers, which wore held in position 
by cross-bars or transoms. These, in fact, with certain 
modifications and improvements in ballasting, scantling 
of wood used, and mothod of fixing tho bar upon the 
sleeper, have beon used very successfully throughout tho 
whole of the operations. They were subject to a good 
deal of wear, and were moro difficult to rotain in position 
than the English rail which was introduced in 1850; but 
they did their duty efficiently, had the shorit of cheap- 
ness, and of being easily replaced by purchase from tho 
neighbowing markets. In 1850, however, 30,000 run- 
ning feet of light vail bars, which had been selected in 
England by Major Baker, avvived at the works; thoy 
were of that variety denominated bridgo rails, weighing 
26 Ibs. to the yard, and the method by which they were 
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fixed on the woodwork was much tho same ag that 
adopted in the flat iron, that is to say, in longitudinal 
sloopers with crogs-bars, At this poriod, however, we had 
found it necossary to give additional thickness and mas- 
sivoness to the sleepers and woodwork in general, and 
tho ballasting was made of o better and move oxpensive 
specics of matorial. Tho superiority of the rail ovor 
the bar was sufficiontly recognized by the purchaso of 
a furthor supply of the same sort ag that first received, 
giving us a total length of 60,000 running feet, which, 
with the tramroad, supplied us with all that was required 
both for the works at Roorkee and Dhunowsi. 

As the whole of the earthwork connected with theso 
railroads naturally fell into the cost of embankments, and 
was included in their expenses, it is difficult to give a 
procise return of the actual cost per mile of the different 
species of roads made upon these works, On both the 
Roorkee and Muhewur double lines, whore flat iron bar 
was used, tho cost of iron, timber, with all the necessary 
apparatus for fixing, including labour employed up to the 
poriod whon tho waggons wore placed upon them, was as 


follows :— , 
Muhowur main lino, double raihyay . Co.'s rs, 18,974-12-8 por mile, 
Roorkeo do, do, is » 18,760-12-2 ,, 


Tho work at erch place was carried on under separate 
Iuropean supervision, and the accounts, as rendered to 
the oxecutive engineor of the works, were quite indepen- 
dent of each other. The votums on the two lines cor- 
respond go closely, that they may be looked upon as fair 
rates of this gspoeies of railroad. Here, however, it is 
distinctly oxplained that, as far a8 earthwork is concerned, 
tho abovo rates merely include tho consolidation of tho 
carth, Tho excavation, carriage, and Iaying out of tho 
said carth, as woll as of the ballasting, being chatged to 
the embankments, of which it forms a component part. 
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The above rates appear to bo verified in a gront measure 
by the cost of a singlo railway at Roorkeo, where there 
was no embanking, but whero tho sleepers wore laid on 
the earth with little or no artificial ballasling further 
than was required to maintain the woodwork in position 
and to keep the rails steady. A milo of single rail Jnid 
down under the abovo circumstances cost Co,’s rupocs 
8,809-9-4, The work was required for waggons which 
were during the whole of tho working day passing back- 
wards and forwards loaded with bricks, and although 
clearly inadequate to permanont work, was quite sufficient 
for the purposes for which wo wanted it. 

Tho cost of railroad, where English rail was used, 
varied very little from that abovo doscribed, with oxcep- 
tion to the cost of the iron. This, in tho cago of tho 
flat bar, ad purchased from the markets, was dolivored at 
Roorkee at a cost varying from rs. 1,700 to rs. 2,100 
per mile of single line; whereas the English rail, when it 
reached Roorkee, stood us in rs. 2,575, for an amount 
equal in extent to the above distance, 

The wear upon the wheels and flangos was greator in 
the case of the flat bar than in tho English rail; tho 
surface for friction of the former boing not only much 
aveater, bus much more uneyen. I can compare the 
difference of motion in travelling over linos mado of 
flat bar iron, and the bridge vails which have been used 
on these works, to nothing better than that of unmetalled 
and metalled roads, Comparatively speaking, they boar 
‘the same value to cach other; tho wheel in one caso 
running awkwardly and with constant jerk, whilst in the 
latter, or English rail, it passes on ovonly and steadily. 

Plans and sections of the difforont railroads, with tho 
wood and ironwork connected with them, will be found in 
Plate XX'VII. of the Atlas. 

Previously to my reaching Roorkee, » number of 
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small waggons had boon mate up with sido doors and 
without tilking apparatus; theso gave us tho early means 
of commencing our ocarth-carrying oporations, I had, 
however, brought with mo from England tracings of 
what I thought to bo the waggon best adapted to ou 
works, with the ironwork of ono waggon completo. A. 
waggon, thorefore, on this plan was intmediately placed 
upon tho work; ite tili was to the rear, similar to those 
which, during my residonco in England, I had seen 
universally employed on railroads, and which were con- 
venient from throwing the earth forward in pushing on 
embankment across a valley. This rear tilt, however, 
did not appear to be applicable in our case. The em- 
bankmonts in England are made little more than tho 
width of tho sleepers on which tho rails are laid; tho 
voor tilt, thorefore, throws the earth in the position in 
which tho railway engineer requires it, In the Roorkee 
works, after tho line of railroad was completed, the rear 
tilt became useless, as wo required a waggon that would 
omply the earth on tho right and left of the line, from 
whonce it could be sproad ont on an oxtended surfaco, 
which the form of the aqueduct rondored indispensable, 
Tho roar was, therofore, changed into a sido tilting 
waggon, upon which plan tho whole of our carriages woro 
ultimately mado up. I have, in Plato XXYVII. of the 
Atlas, given drawings of all the waggons that have been 
uged, Shoot 20, figs. 1 and 8, or that which was made- 
first of all, is cheap, and, as far as first cost wont, tho 
most economical; its want of till, and the small quantity 
of earth that ib carried, weighod strongly against its 
furthey adoption; this specios of cart, therefore, was 
discontinuod after those which had been originally mado 
np wero worn out. Tho only modification that the cart 
in question required, was tho prolongation of the sido 
doorways 10 « point beyond tho whoels (vide figs. 2 and 4, 
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Plate XX.), so that in unloading the cart the oarth might 
not interfere with the rails, Bofore this altoration was 
made, the earth, on the opening of the side dooy, foll 
upon the vail directly between the wheels, thereby pre- 
venting the movement of the waggon, and causing inter- 
ruption to the passage. 

The cost of one of these waggons, including tho 
wheels and axles, which wero received from Calcutia, 
was 18, 289-9-5, 

Plate XXVIL. Sheet 21, or the ballast waggon, the 
plan of which I brought from England, has, as I have 
before said, a year tilt, and in other rospects as well as 
this, is similar to those of English railways. Foy tho 
yeasons above’ given, only two on this plan were mado 
up; they did their duty well, but, as I havo boforo 
explained, they wero not well adapted to the work. The 
cost of each was 18. 488-1-3, 

Plate XXVII., Sheet No. 22, is the standard plan 
upon which all the waggons in general uso have been 
made; it has a side tilt, is very strongly put togothar, 
and carries a load equal to 50 cubic feot, Of theso- 
450 have been employed either, on the works at Roorkee, 
or those on the Rutmoo River at Dhunowri. Tho cost of 
each averaged 18, 858-0-4. 

Having explained the lining out and dosign upon 
which tho embankments were to bo mado, and having 
described the material at our disposal for carrying on tho 
operations of the earthen aqueduct, I shall now prococd 
with a detail of progress from the commencoment to tho 
completion of the work, as made by Mr. James Parker, 
the assistant engincer, who was placed on this specific 
duty under Captain Goodwyn. 

The state of the earthwork on the commencement of 
progress by railroad at the beginning of 1848, ‘will bo 
understood by a reference to diagram 186, and to a 
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former paragraph, in which I have mentionod that, in- 
dependently of the side cuttings figured in the diagram 
alluded to, and which wero confined to the Muhewur 
side of the valley, earth had been thrown out from the 
channel excavations on the Roorkee side. This work, 
having become well consolidated, acted as tho nuclous 
for Mx, Parker's railways, which were started in tho first 
instance from Muhowur. At this place, as far back as 
1846, accommodation, in the shape of a choki building, 
had beon constructed for European supervisors, and other 
necessary cover for limo, and workshop purposes, Ulti- 
mately, stabling was completed at different subsequent 
periods. The duties of the engineer at this point in- 
cluded magonry as connected with the side revetments 
and terminal works, as well as earthwork in raising the 
bod of the canal, constructing the embankments in rear 
of the revetments, and (as the earth for this purposo 
was taken from the canal channel on the line between 
Muhewur and Peeran Kulleeur) in completing the canal 
ag far back ag the Ruimoo valley. 

+ Tho general design of the aqueduct will be understood 
from the plang in tho Atlas, Iis total length from ono 
extremity to tho other is 15,688 feot, independently of 
tho masonry escapes altached to the up-stroam terminus, 
which, having boon constructed for purposes which in all 
probability may never be required, and which ave, in fact, 
embedded in the embankments, are not included in tho 
above measurements, 

Thego escapes, which consist of a masonry flooring 
100 feet in width, placed on a level 12 inches below that 
of tho canal bed, with flank walls, are in immediate 
contact with the up-stveam terminal onds of the aquoduct. 
They lie on both sides of the canal, and are in connection 
with a hollow or ravine, which in the description of my 
original survey was shown to cross tho line of canal at 
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this point, This ravine was tho outlet of the Burrum- 
poor nulls, which, commencing in tho high land on tho 
west, terminated in tho Solani valloy, undor tho villago 
of Bajooheri, immediately on tho cast of the canal. Tho 
nulla was disposed of by a cut cartied to tho wost of 
Muhewur, go as to tun ils flood-water into tho valloy 
before it reached the canal boundaries, Tho topographical 
chavacter of the ground at this point will be bost explained 
by a diagram, in‘ which the up-stroam terminus of the 
aqueduct ig introduced. 


Diagram 189. 





Here AB represonts the canal channel intorsecling* 
tho Burumpoor nulla at C; a b shows the ont that has 
boon made to remedy the interference with tho drainage 
caused by the canal embankinonts, and to pass tho flood. 
water of the Burrumpoor nulla into the Solani valley west 
of the village of Muhewur, At tho point C, the oscapos 
which I have alluded to above avo situated ; they rost, it 
will be observed, on the end of tho aquoduct buildings, 
with which they are in contact, 

The following diagram will show the object of those 
works, which are merely protected passages, 10 bo mado 
use of on extreme emorgency, Thoy are in no way con~ 
nected with regulating supply, or with the rolief from 
superfluous water under ordinary circumstances; they 
aye, in fact, safety valves, in tho event of serious itjury 
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to the line of works in the valley, to be used only ag a 
last rosourco, when overy othor remedy fails. It will be 
understood, moreover, that they are filled in with oarth, 
and, excopting from the protrusion of the flank walls on 
tho canal front, are concealed from sight. They would 
bo brought into operation by working parties, who would 
yomove the carth sufficiently to give a passage to the 
current, 


Diagram 110, 
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The above diagram, which represents the works con- 
necled with tho Rutmoo and Solani torrents, will show 
that, by closing tho regulator or stop-bridge at A, and by 
oponing the sluices of the dam lying across the Rutmoo 
Rivor, tho wholo of tho canal supply is turned off, The 
canal channel below the regulator is laid dry, and tho 
water passes down the Rutmoo. 

Tho distance between the stop-bridge at A, and 
tho up-stroam terminus of the Solani Aqueduct, and the 
tayo escapes lying in contact with it al OC, is exactly 
14,629 fect, The channel on this distance being on a 
rectangular section of 140 feet in width, with additional 
sido slopes on a depth of 12 feet, oqual to 1} to 1. 
Supposing that a serious accident was to occur on the 


S 
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ne of aqueduct, which rendored on instantaneous rid- 
dance of water nocossary, ihe romody would lio in closing 
the stop-bridge at Rutmoo, by which all furthoy aacoss 
of supply would bo stopped. Assuming an oxtremo 
case, in which at the timo tho regulator was closod 
there was a depth of 10 foot of water in tho canal, tho 
quantity of water which it would bo necessary to got vid 
of before the channel at the point O was Inid dry would bo 
equal to an amount 14,620’ x 1,600’ = 21,948,500 cubic 
feet, independently of that standing on the aqueduct 
channel at the timo. Tt was under this viow of tho 
question that I determined on providing tho means of 
yelioving the channel from as much of this wator as was 
possible, by making the eseapes at O. It is by no moans 
improbable that a more efficient remedy may be invontod 
for getting rid of the earth which now fills these oscapos 
than that which I propose; the permanent establishment 
of labourers which will be maintained for tho ropair, 
clearance, and maintenance of the embankmonts and 
their slopes, will always, however, be at hand; and ag 
the cutting of embankments on emergency is not an 
uncommon expedient in dangerous floods, it is possiblo that 
the present arrangement will answer. I havo an objection 
to permanent works for regulating the supply being built 
either near the aqueduct, or at this particular spot. Such 
works, when builé on » country liko that of the Khadiy, 
lead to marsh and quicksand, and would introduce rank 
vegetation on the tail line of escape, They would be parti- 
cularly open to objection from this circumstance nlono, as 
regards the health of the neighbouring country; but the 
proximity of the means of regulating supply offered by tho 
Rutmoo, venders further works, intonded for this purpose 
merely, quite unnecessary. The oseapes at C ave cither 
useful on emergency, or they ought not to have been 
built at all, I have, after mature deliberation, built 
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thom; thoy at least offor an alternative which, without 
them, would not oxist, 

From what has boen said before, it will bo undorstood 
that tho ombankments are carried over tho escapes above 
doscribed, so that the slopes of the canal channel impingo 
upon the terminal works of the aqueduct. - 

The termini consist of a circular quay or bastion, 
30 feet in diametor, raised to a height of 12 feot, or to 
that of the berm or towing-path. This form of structuro 
admiis of the junction of the carthen channel with that 
of tho masonry under moyo convenient circumstances 
than any othor shape; and in tho present caso, tho 
oxtent of diameter, whon compared with that of tho 
slopes and berms of the earthen channel, affords a 
security against the effects of the current. These bas- 
tions are surmounted by pedestals, bearing upon thom 
offigios of the oxisting African lion, recumbent, with their 
heads erect, and looking outwards from the aqueduct, or 
up.stream on the upper, and down stream on the lowor 
terminus. . 

To the bastions on the aqueduct side a line of ghats or 
flights of stops from tho berm level to tho watoy is carried 
for a distanco of 75 feet, until it moots the catilo ghats. 
Those ghats are inclined planog, oxtonding from tho reay of 
the ombankmonts to the water, fox the puxposo of giving 
accoss to cattlo for drinking purposes. This inclined 
plane, which is 50 feot in width, is crossed by five flat 
masonry arches of 17 fect in span, so as to keop up the 
lino of communication along the berm. Mach flank of 
tho cattle ghat is protected by a wall terminated by on 
octagon tower, o1, as hes beon described in the chapter 
under the head of Bridges, by what the natives term 
a byiuk, or place for sitting upon. From the cattlo 
ghats, flights of steps, like thoso that are in contact with 
the terminal bastions, approach the bridge in the form of 

VOU. I, ER 
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an ogee gradually oxpanding from a width of 150 to 
179 feet. These stops come in direct conlach with the 
face of the bridgo, which consists of threo archos of 55 foot 
span cach, with piors of 7 foct; it comes undor class 
No. 1 of tho bridges described in a formor chaptor. Tho 
bridge roadway boing clovatod to a height of 24 foot, 
whilst that of tho berm is only 12 foot; tho former is 
gained by aramp with a slopo of 8°668 in a hundred. 
The ramp towards tho berm is covered by a retaining 
wall, which terminates at tho foot of the slope, and at 
the commencement of the ogee. Tho bridgo road- 
way, which is horizontal, hes a width botween tho 
plinths of the parapets cqual to 173 feet, and tho 
approaches from tho country aro on a slopo of to in a 
hundred. 

The terminal works, including the bridge, and moa- 
suring from the extremities, aro 571 fect in longth, Tho 
detail is the same on both the up and down stroam tor- 
mini, Tho bridges, the former at Muhewur, and the 
latter at Roorkee, aro in every respect, as far as supor- 
structure is concerned, identical. 

From tho bridges that constitnto tho lines of lorminal 
communication, the earthen aqueduct across tho valloy 
may be said fo commenco, Tho revotments, which aro on 
precisoly the same senle and shapo ag thoso boforo 
described, leave tho bridge in a corresponding ogoo, and 
proceed onwards in direct parallel linos, until they como 
in contact with tho aqueduct propor, or masonry work, 
under which the iorrent of the Solani Rivor is carvied. 
To meot this work, the oxtreme width of which betweon 
its flanks is 172 foot, these revolmonts again expand into 
ogee curves, tho extent of oxpansion being trom 150 to 
172 feet. 

Tho tofal longth of the revolted channel on tho up- 
siveam side is 10,718 fect. On its down-stronm it is 
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2,728 foot. The transverse section is shown in the fol- 
lowing diagram :— 


Diagram 141, 








The design of the revetments as originally plenned 
and figured in my report of 1845, was (in consequence 
of my anticipation of tho discovery of kunkw' in great 
abundance in the neighbourhood not having boon realized, 
and from a necessity therefore of reducing the amount of 
masonry) considerably modified both in principle and con- 
struction, Although, comparatively speaking, only a small 
portion had beon dono proviously to my rejoining tho works 
in 1848, the reasons for making tho altoration appeared 
to me sufficiont to prevent my returning to tho old model. 
By showing in diagram, sections of the revetments as oxi- 
ginally designed, as modified, and as afterwards improved, 
this part of tho work will bo perfectly understood, 

Diagram 142. 





Vige L—Shows the olglnat design, the pulnclyte of which was that the revetment shauld, as far as 
q 


Stability was concerned, he enthely Independent of the pressme of the em th, efthor flour 
tho embankments on tlie outstde, or fiom the canal on the inside. The cavrylng ot of 
thls design, however, depended on the resources in kunkur and bilck; its cubic content 
nat conslde able. 

Lig. 2-—Monilled design. ‘The front and rear walls wete tic together hy a fansam or crosa-wall 
at oveiy LS fect, this eross-nall extending ton helght of fect.’ In thts section tho 
decrease of masonry ovor that in lig. b was very gieat. Its stability, however, depentad 
on the carthwork, and on the contingencies of thiust, mislng fiom the eatth both on the 
eannt and einbunkment stiles, Consequences arising fiom tis, which ovemed dung tha 
1ains of 1848, led me to moilify the section by nttumpting to obtain a moro satisfactory 
equiltbrium ef the ynts, than it had at that time, It was diflentt to do this without 
falleue bine i“ thy ovil of increasing the cubic content, an evil which the above design 
had gat ikd of, 

Lig. 8 Shows the emery that was applied in the above casa: St inercases the cubic content, but 
flecrenses the amount of meli-works aud in pulnelple it relieves tha luck wall ftom a 
yortion of the thiust that exists in Lig. 2,by throwhg the yeight moro forward, and by 
ally ling the notion, both of welght nnd thrust, more equally thi oughout the mass. 


= ‘Tha height vatics with that of the 1ovetment, ihe cioss-wall being in ali cases carried up to 
tho helght of spinging of the aich of Lig. 2, 
FRQ 
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With excoption to thoso portions of this revelmont 
which wore built proviously to tho year 1849, tho whole 
havo beon constructed on tho dosign figured in tho third 
section, Thoy have boon built almost ontively of buick, 
tho oxcoptions boing on the Muhowur sido, whoro kunkur, 
as fox ag that material could bo procured, was used; and 
on tho Roorkoo side, where « considorable portion of tho 
walls has beon built of vitrified masses from tho kilns, 
Thoso vitrificd masses (nat, jhuma) havo boon used in 
magonry whenoyor thoy wore availablo, allhough thoy 
havo chiofly boon turned to account in tho ballasting of 
tho railways, 

In addition to the revotunonts which faco tho ombank- 
ments on tho sides of the channol, tho oxtorior slopos 
aro, at cach 1,000 fect of thoir longth, accommodated 
with flights of stops, 4 foot in width, for tho purpose of 
facilitating the communication between tho high and low 
lovela, Tho hoight of theso flights of steps varies with tho 
distanco from tho side of the valloy, Thoso which are in 
tho closest approximation to tho aqueduct proper, or Lo 
tho channol of tho Solani River, are, from tho torreploin 
to tho top of tho ombankment, 81} foot. This, in fact, 
convoys an idon of tho varicly of hoighig to which tho 
soclion figured in diagram L4L is subject. lfvom tho 
torminal bridges, where the sufaco of the carth and top 
of ombankmont are on ono level, tho height or dopth of 
yovolmont gradually incroases, until ils arvival at the 
aquoeduet proper, On tho Muhownr sido it is equal to 874 
foot, and on tho Roorkeo sido tbo 867 foot. Tho oxtorior 
slopo stops which L have above alluded to, aro confined 
ontirely to tho Muhowur lino of ombankments; that on 
the Roorkee side.boing provided on tho loft with eon- 
venicnces of the samo doseription at tho oxtremo ends 
which are in contach with the aqueduct propor and thowork- 
shops. On the right, with stops at tho aqueduct end only. 
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Roverting to diagram 141, which represents a section 
of the rovetted aqueduct in its comploted form, the pro- 
gross of construction will be understood from the follow- 
ing diagram :— 


Diagram 143, 






Posltion of waggon 
for ‘filling atsayo Position of waggot 
Canal bed. filling in up to the 

r-jt lovel of the Canal bed 


Position of waggon 
nt fot for Ming aheve 
Canal bed, 
Bet 






The deep shado in the centre of the canal bed represents 
tho ombankmont, which was pushed forward from Roorkee 
and Muhewur to support the railroad. In correspondence 
with the advance of this road, carth was brought for 
filling in to the right and left, or up to the level of BB. 
This was done in the method described below; its pro- 
gvoss was continucd through a poriod of five years; and 
its object was to obtain, by a succession of rainy seasons 
passing over it, tho utmost extent of consolidation to the 
earthwork. 


Dingram 144, 
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Diagram 144 oxhibits a ground plan of the revot- 
ments A A A A, on cithor side of tho centzical line of 
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railroad ¢, the lateral flanks, a a aa, being roads raised 
to a level with tho railroad, for the puxposo of cazying 
the earth to tho embankmonts in roar of the vevetments, 
or as far back as tho lines BB BB. ‘Tho spaces 
betweon the lateral roads «@ a a a, whieh loft the line of 
rail at evory 200 fect, and which aro shoyn in tho din- 
gram by shade, wore loft hollow, so as to act as reservoirs 
for voceiving water during the rains. Thoy aclod aos 
ponds for the purpose of distributing moisture by absorp- 
tion, and by theso means of gaining consolidation by 
actual setilomont, During tho wholo of tho poriod whon 
this was going on, the embankmonts in rear of the 
revetments, as well as tho spaces in the rovotments them- 
selves, were in progress up to tho lovol of B B, dia- 
gvom 148, Early during tho season of 1852, and aa tho 
works became more advanced, the ponds or reservoirs 
above described were filled in, and work was commenced 
on the section above the lovel of BB, ag shown by tho 
dots, Tho plan adopted hero was a more repetition of 
what had been done in the canal channel on the lower 
lovols, that is to say, linos of rails on both banks woro 
started from Muhowur on tho highor lovols; and carbth 
from tho Peoran Kulloour ridgo was brought forward to 
complete tho work, At this poriod of our oporntions, a 
good deal of carth was obtained for completing tho banks 
and their slopes, by oxcavations from tho outor limit of 
tho side cuttings, as shown in diagram 186, whore tho 
trianglo a b ¢ was removed, and the oarth oxcavated 
therefrom was thrown upon tho embankments. By this 
plan, wo not only obiained earth at a comparatively chonp 
rate, but we equalized the surfaco of the ground, which in 
the neighbourhood of the sido cuttings had, by weathou- 
ing and by the action of rain-water, bocomo yory irvegwlay. 
On the Roorkes side, local circumstances provonted an 
arrangement of this sort. In that cago, the carth was 
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carried from the rail by inclined planes towards the 
higher levels, and the whole of the embankmonts were 
completed without the aid of additional railroads. I may 
observo that, even on the Muhowur side, inclined planes 
of the sort used near Roorkeo were practised with groat ad- 
vantage in expediting tho complotion of the rear embank- 
ments. Hore, however, this was the exception; on the 
Roorkee side it was the general rule, The accidonts that 
took place during the’progress of this work wore limited 
cntivoly to slight disarrangemenis of the rovetments, 
These happencod during the rains, either by collected 
water passing round unfinished portions of walls, ov, as in 
the case of fig. 2, diagram 142, by the rear wall being 
acted upon by tho thrust of the arch, In those cages, an 
ivvegular disposition of earth Jed to disarrangement, but 
nothing of a serious character occurred, I believe that, 
with the excoption of the results of a hoayy fall of vain 
that occurred in 1850 (when a numbor of tho lateral 
roads aaa, figurod in diagram 144, failed, by which 
tho colloctod water from a succession of reservoirs forced 
iis way along a line of revetment, and knocked down tho 
unfinished end of it), all tho disarrangements, slight as 
thoy are, which haye taken place, have arisen entircly 
from unequal digtribution of the carth in connection with 
tho walls. In cases whero tho revetment has been 
enveloped both inside and ont with oarth equally dis. 
tributed, the walls have not suffered in the slightest 
degree. 

The way in which tho earth was carried, the species 
of draught used, and the rates per 1,000 cubic fect of work 
executed in the carlhon embankmonts, became a very 
interesting part of tho history of the aqueduct. I¢ will 
be vecollected that in the carly stages wheelbarrows and 
daily basket labour wore the means by which n good 
deal of tho main body of the ombankment was formed, 
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The introduction of xailroads and waggons yelioved us 
from wheolbarrows and baskets, but for a long timo kept 
us with mon both for excavation and for propolling tho 
waggons, As time advanced, horses in some mongure 
took the place of men; and on tho 22nd Decombor, 1851, 
we started a locomotive, which I boliovo to have beon 
the first engine of the sorb that was over used in India. 
We therefore went through all tho’ grades of carriage, 
with varied results, all of which, howevor, apposvad to bo 
dependent on local causes, or oconomical arrangements 
with vegard to time. Our methods of working, there- 
fore, wero—~, 

1st, With baskets and wheelbarrows, 

2nd, With catth-waggons propelled by men. 


8rd, With do. do, — by horses. 
4th, With do. do. hy locomotive, 


With regard to tho first, it is unnecessary to lay any 
particular stress, further than that it led to the intro- 
duction of a very efficient species of barrow, which is 
figuved in Plate XXVIL. of the Atlas. In using this 
barrow, « leathor shouldcr-strap was distributed for tho 
purpose of giving relief to tho musclog of tho arm; an 
introduction which was adopted with unlooked-for colovitiy 
by the labourers thomsolvos, who now consider tho strap 
ag a necossary pari of tho wheolbarrow. ‘This cireum- 
stance, trifling as it may appear, is so fer a matter of 
interest, that it shows how ready the nativo of India ig 10 
renounce old habits, and adopt new inventions, if ho 
practically comprehends a reason for doing so. Tho 
wheelbarrow, after all, howevor, is ontiroly European, and 
ig go little understood by the native of India, that in- 
stances have boon known of their having beon served out 
to excavators, and used by them as baskelg, te. filling 
them with earth and carrying them bodily on thoir 
heads { 

The second itom, where the ecarth-waggon is pro- 
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polled by men, was for a long whilo the only method 
used on these works. It has, even up to tho last, been 
largely practised, and taking tho extraordinary choapness 
of human labour into account, if may, affor all, be tho 
cheapest. In-estimating tho value of labour, howovor, 
in a large work liko that of the aqueduct, we must look ’ 
to time, as woll as to facilitios for procuring labourers. 
The.use of cattle supplies tho place of men, whon such 
ave cither to be procured with difficulty, or when they 
may be more economically employed elsowhere; and in 
this respect they possess a value independent entirely of 
tho actual cost of their employment. * 

I have before stated that the waggon iv uso on these 
works is of a side-tilt pattern. It carries from 45 to 50. 
cubic feet of carth, or from 80 to 88cwt. When men 
wore used in propelling these waggons, 4 beldars or 

’ exenvators were told off to each, ono man remaining at 
his post digging and loosening the earth vendy for load- 
ing, whilst 8 men wero ongaged in working the waggon. 
On the return of tho waggon, the wholo party dig and aid 
in refilling il, Filling a waggon by 2 men takes from 
60 minutes to one how, the earth boing carried 80 feet on 
an avyerago. Tmptying takes from 10 10 15 minutos, 
"These 10 or 15 minutes include all the timo from the 
artival of the firsh waggon al the spol whore tho carth 
is to be deposited, to its lonving it again, by which timo 
the last waggon of the train has also deposited its oath, 
and commenced its return trip. 

In the third item, where the waggon is propelled by 
horses, cach waggon requires 2 beldars for digging, who 
yemain at the excavations whilst the waggon is per- 
forming its trip, and who refill it on its retum. Tho 
horses in this case being in charge of a saees, or groom 
spocifically paid fox the purpose, A horse travels at the 
vate of 2865 milos per hour with a load, and 8°25 miles 
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with an empty waggon, Two waggons are drawn by 
one hoxge, 

Mr. Parker, in estimating the value of waggon labour 
with men and horses, hag, from a serios of fivo months’ 
accounts, in which ave included tho chargos for oxcaval~ 
ing and carrying 1,817,000 cubic fect of earth, abstracted 
tho following tables. The first whon tho waggons wore 
pulled by horses, the latter whon they were pushed by 
men i— 

Tante 6.—Averige or Lanour required for 1,000 cubic foct of digging, 


and carrying the earth in waggons drawn by horses, to a mean 
distance of 9,200 fect, by railway. 





*l Average 











Description, | Number. Remarks, 

Mates of beldars. 0°83 From this table we find that 

Diggers . . . 9°23 | 108 cubic fect is the day’s work 

Horses, effective. , 2°84 | of a digger, and 362 cubic feet 

Ditto, in hospital =. 0°40 | that of a horse, 

Ditto, non - effective The diggers have also to carry 
by Sundaya, holi- the earth in barrows a mean 
daya, and vain, . 0°70 | distance of 40 fect, in order to 

Men on scaffolding, fill the waggons, 
and greasing wag- 
gona: beldas, . 0°72 


. Do, carpenters , 0'08 





Tantn 6.-—Aversor or Lanour required for 1,000 cubic fect of digging, 
and carrying the earth in waggons pushel by men, to a mean 
distance of 8,700 feet, by tramway, 





Average 





Description of Workmen. Number. Romarks, 

Mates of beldars 0°56 From this table wo find that 

Diggers and carriers 19°70 | 50 cubic fect is the day's work 

‘Men on scaffolding & of a man, digging and carrying, 
greasing: beldars 1:00 : 


Do, carpenters , 0°16 





r 


The odst of digging and carrying 1,000 cubic foet of 
eth, as in the last table, was mpecs 8-18-0, which 
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includes payment for Sundays, when no work is done, 
Had Sundays not been included, the cost to Government 
would havo been rupees 8-3-0. 

In the same manner, the cost of digging and carrying 
1,000 cubic fect carth, as in Table 5, was rmpecs 8-12-0, 
detailed as follows, viz. :— 





ns, A PB, 

Superintending 0 110 
Digging . . 194 
Carrying by horses. 110 2 
Greasing and oiling wnegons 0 2 2 
Scaffolding 04 6 
Total, Co’syss » « » « « B12 0 


which includes paymont for Sundays. Had Sundays not. 
boon included, tho cost would havo been rupeos 8-2-0. 

In tho first caso it will bo observed that the distance 
40 which tho earth was carried was 9,200 feot on railway; 
in the second case, the distanco was 8,700 fect on a- 
iramway, or on tho flat bax rail before described. 

The above gives a fair return of the average, on work 
done up to tho ond of April, 1851. Tho following tables 
reprosent the avorages of the two following years, or up 
to tho 80th April, 1853, when the use of horses espo- 
cially had become well matured, and at a timo when a 
comparison betweon their value and that of mon as 
motivo power could bo bottor appreciated. Tho word 
“comparison” is, perhaps, not a fair onc to uso in this 
case, ad tho distances to which the waggons have to travel 
ig one of the chiof clements in the rates, and thoso in the 
latter years have boen much in excess to that on which 
the tables above given have been drawn up. The roads 
too have been much improved sinco the early days of 
progress, and experience and practico have rendered both 
men and horses move ready and expert in thei respective 
duties. . 


‘Add SOLANT AQUEDUCT. [PART 11. 


Avanaar of Lanoun required for 1,000 cubie foot of digging and carrying 
earth in waggons drawn by horses, to & mean distance of 11,800 fect, 


Deseription of Labour. Avyorago Number, 
ates. . . : . . *62 
Diggs. sew A OB 
Men on greasing axles ‘ < TDge 
Tlorses, effective . : < » 895 
Ditto, non-effective . a “8d 


Ditto, ditto, inhospilal. . 1°16 

64 cubic feot = day’s work of a digger; and 258 cubic 
feet = that of a horse, excluding Sundays. 

Tho cost of the work is as follows :— 

Excavating . 2"18 per 1,000 cubic fect, or 060 } per ton, 

Carying . . 143 ” " 032 § per mile,* 

Cost of excavating is constant, that for carrying 
varies with the distance. Honco i. is 1:48 for 1 mile, 
2°86 for 2 milos, and so on. 

These averages are obtained from the resulta of ono 
year's work, viz., from October, 1852, to October, 1853, 
During this time 122 waggons wero daily employod, and 
the total quantity of earth brought down from Muhewur, 
and deposited in the aqueduct channel, was 7,185,878 
cubic feet, or 821,000 tons. 

Tho lubricating material for tho axles was a mixture 
in equal parls of grease, or tallow, and mustard oil, and 
the quantily of this required for cnch cart daily was 
42 chiliacks, One cubic foot of carth woighs 100 Ibs. 
Average of Lanour required for 1,000 cubic fect of digging and 


carrying the emth, in waggons pushed hy men, to 2 mean distance 
of 2,550 feat by tramway, 








Deseription of Workmon. Aicrane Remarks. 

dbase ees +80 50°80, sny 60 cubic fect, as tho 
Diggers and earrias . | 19+90 day's work of a digger and carrier, 
‘Men on greasing axles “61 Avorage cost = § rupees por 


1,000 oubie feot. 





* Weight of the carts has not been considered, 
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These avorages are obtained from the vecordg of one 
yoar’s work, leaving out tho months of December, May, 
July, and August, when the men wero fined on account 
of little work, 

During this timo, nineteen waggons wore daily om- 
ployed, and the total quantity of earth carried by their 
means to the Rutmoo embankments from Peeran Kulleew 
was 1,652,644 cubic feot, or 78,700 tons. 

When the excavator does not carry the earth he hag 
dug, it will be observed in tho former table, thet ho 
doos a daily task of 64 cubic fect. This reduces itself 
to 50 foet whon he has also to carry tho carth, as 
in the latter table; go that 4% and 44 will represent tho 
labour done respectively in digging and carrying. In the 
present case, whero tho two operations are combined, 
rupees 2°84 and rupee *66 will be what is duo to cach. 
first always remaining constant, the latter varying with 
tho distance, and increasing to rupee 1°86 when the 
distance becomes a mile, 

Tne, 9° 94:41:60: 70 rupee fx Ile} oe 1,000 abo 
and so on. . 

On tho fourth itom our oxporience in rates of oarth ag 
obtained by the use of a locomotive, was too short to 
admit of our arriving at any satisfactory conclusions, an 
accidont having placod the machino hors de combat » fow 
months after ib had been on the works. Lieutenant Allen, 
whose establishmont had charge of tho locomotive, attri- 
buted no blame 1o the partics concerned. The wator had 
been drawn off, and it was supposed that the firo had 
been engirely extinguished. A storm with wind, howevor, 
brought the fire and fuel which wero in the furnace into 
action, destroyed the casing, together with a number of the 
tubes, and placed the locomotive completely out of use. 
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This misfortune, although it puta stop to the use of a 
power which I had anticipated as ono that would bo of 
great service to us, and in somo degroo make ug indepoen- 
dent of beldars or diggers, may not be considered altogother 
as the cause of the locomotive having been discontinued. 
Valuable as it was as an adjunct to the motivo powor 
which wo already possessed, it had tho inconvonicnco of 
occupying an entire line of railway, to the provention of 
its use by the numborloss waggons that wore requiod, not 
only for earthwork, but for the carriago of matoriala. Wo 
had not a sufficiency of rail to provide soparate accom- 
modation for it, nor had we loisure (ag timo was a groat 
object) to make snevificos for tho purpose of keeping tho 
engine at work, Labourors appeared to bo in sufficiont 
abundance, and the horses, which at this poriod wero yory 
generally employed, gavo stoady occupation to tho waggons, 
which the constant interruption arising from repair to tho 
locomotive prevented in a very serious degree, ‘This ovil 
might, porhaps, have beon remedicd, had wo, instead of 
having only ono, had threo or four locomotives, by which 
a perfect might have been substituted for an imporfoct 
machine. The locomotive that wo had was placed in 
the hands of a practical enginccr, Mr. Murdoch, who 
(although he had nover boen actually employed ns o 
driver ov gtokor on railroads) had all hig life boon con- 
nected with storm machinery. Tho ongine was in somo 
way or other imporfect in the adjustmont of its parts; 
it was continually getting out of ordor, and appeared to 
be another specimen of * machinory for oxportation 4o 
the colonies.” 

The locomotive is small and compact; engine and 
tendor in one frame; adapted from its wator and fuel 
arrangemonis to moderate distances only, and applicable - 
to draw on a level line of rail a train of ballast waggons of 
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an ageregato weight of 180 to 200 tons at a speed of four 

miles an hour. Of the parts most liable to fracture we 

havo duplicates, as well as of the wheels, both driving, 

tail, and leading. Its name is the “Thomason.” Tho 
executive engineer in charge of the Northern Division of 
tho works, in writing to me on the subject of its appli- 

cability for the particular duties which tho aqueduct works 

required from it, remarkod: ‘“ The locomotive started 

first on the 22nd December, 1851, at tho Roorkee end of 
the railway; my intention being to teach natives to drive 
at that end, as being moye convenient to Mr, Murdoch, 

whose other duties required his presence in the work- 

shops. Moreover, the employment of the locomotive on 

the Muhewur channel line would haye thrown a large 
number of horses out of work, and would also have 
seriously interfered with the general usefulness of that 

line in respect of carriage of materials. It soon became 
necessary, however, to repair the light Roorkeo line which 
ig lnid with flat iron; and what with these repairs con~ 
stantly ropeated, and what with interruptions of other 
sorts, Mr. Murdoch’s attention being much required on 
tho condensing engino and workshop machinery, a¢ first 
the driving did not progress very fast. After repeated 
yepair, it became ovident that the Roorkeo line could 
novor be mado availablo for the locomotive, owing to its 
weaknoss; and but for the necessity of toaching native 
drivers whilst the weathor wag cool, I should have pre- 
forred shelving the locomotive for the time being. As it 
waa, directly I was satisfied of the impracticability of 
working the locomotive. on the Roorkeo line, the now 
Muhewur embankment lino was pushed on as rapidly as, 
possible, and on the 15th of March last, having a portion 
of, the latter lino on which horses could work, although 
atill under some disadvantage, the locomotive was removed 
over to the othor sido of the river, and the subjoined 
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table will show its performances during tho romainder of 
that month :— 











Date, Miohesot Quantity of Marth Dialance, 
1852, Cuble feet, Running feot, 
March 22... 30 
a) Boe gm 8 28 
»y Bho. ae 
ares es 7 20 
28. as oe . 5 18,0 
u 97! - 18,057 000 
» «28. . 
or . 75 
B08 89 
» Ol. 90 








Captain Goodwyn continues: ‘That nothing but tho 
necossity of teaching natives to drive during tho cold 
season, and shame at sccing tho locomotive slanding 
idle, hag induced me 1o allow it a placo on the Muhewur 
channel linc. I have done it in spilo of my botlor 
judgment; and now the running of the ongino is gotting 
into order, I do not liko to brork up tho arrangomonta, 
although, until tho Muhowur ombankmont railway is run 
out much furthor, we avo, I consider, using tho locomo- 
tive at an oxtravagant loss.” 

“The want of progross of tho Muhowur ombankmont 
railway has beon caused indirectly by the sicknoss of the 
officor in chargo, I havo dono my wimost to push it for- 
ward since the middlo of February. During tho month 
of April, the work of the locomotive has shown a con- 
siderable improvement, and once the engino has brought 
Aid loads during aday. Advantage was taken of tho pro- 
sonce of tho only well-trained dviver being voquired ab 
the Roorkee workshops to sttond tho condonsing ongino 
for a few days, to take up the only portion of tho line 
wavered by the locomotive laid with flat iron, substi- 


1 
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tuling in its place English rails. Duiing this operation, 
the working of the locomotive was stopped, and henee its 
progress report for April will show rather poorly.” 











Number of | Number of | Quantity of h 
Date. days working} loads drawn.| carth enrried. Distance. 
Cubic feet. Running feet. 
April, 1852 , 10 687 84,350 14,000 





During tho ten days included in the above table, 
16} trips were made by tle locomotive; giving an 
average of 413 loads por trip; or 68°7 loads per 
diem. 

At axate of about 10 miles an hour, tho ongino with 
an accommodation cariago and string of ten loaded 
waggons passed over the rails vory easily and quiotly. 
The difforence between tho motion when passing over the 
English vail and the iron bar being, as I before remarked, 
very remarkable, the former being as superior to tho 
latter, ag a kunkur metalled road is to a common district 
one. My. Murdoch on this occasion, as ho had on former 
ones, adverted to the absence of coke, and the use of 
wood and charcoal as a great logs to our steam furnaces. 
Ho informed mo that even in the short distance upon 
which the locomotive ran, which at thet timo did not 
exceed 24 miles, he was forced to carry an oxtra waggon 
for tonder purposos. 

Ag an aid 4o our operations in constructing the aque- 
duct, the locomotive has been a failure, not from its want 
of value as a motive power, but from its inapplicability to 
the local civeumstances under which the work was carried 
on, The oxtract abovo givén from the executive enginecr’s 
report shows very clearly the difficulties under which ho 


laboured. 
The engine attached to the locomotive was in its | 


you. I + GG 
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original dosign so contrived ad to bo adaptod Lo nso as a 
fixed ono in tho workshops. In so Jar, thoreforo, our 
want of succoss on tho vond has beon moat by tho intro- 
duction of by no moans an uscloss addition to om work- 
shop steam powor, whilst at tho samo timo tho ongino is 
available for its purposes ag a locomotive al any futuro 
time whon it may bo wanted. fully anticipate that such 
will be the caso on the railroads that will ullimatoly bo 
ostablished on cach of the aqueduct ombankmonts, oxtond- 
ing from Roorkee to the Butmoo; horo tho immediate 
despatch of stores of materials, or in tho caso of carth- 
work repairs, the rapid collection of matorial for tho 
purpose, will be very satisfactorily met by the presence of 
a machine of this description. 

From tho abovo it will bo seon that to mon and 
horses we have beon indebted entirely for the progress 
made in the execution of the earthon aqueduct, This 
progress has been from early in 1848, up to tho 
8th April, 1854, in a state of steady advancement, and 
both ow men and ow matcrial are in a high state of 
efficiency. 7 

Tho tivo following tables will give an idon of {ho ratos 
of earthwork ag oxceuted. They are those charged by tho 
oxectitivo engincor in his quarterly billy, and includo all 
contingent expenses, dependont on tho ropairs and main- 
tenance of the plant. Tho first shows the cost whoro 
men avo used as propellers to tho waggons, the lattor, 
where hot'ses pull thom. 
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Rates of Earthwork as executed on the Solani Earthen Aqueduot 
in ballast-waggons propelled by men. 





c Rate per 1,000 cubic feet. 
Distance, [7 Remarks, 














Includin 
spreading. Not spread. 
Running fect} mB. A. P| ms A OP. 
AT 4 7 9] .. 4. | Rammed, 
1,500 oe or) a 
1,500 415 4] wee 
2,000 6 2 4) .. «. | Rammed and watered, 
2,000 B2 8] wo 
2,200 5 38 8] .. «+ | Carried to vaults and puddled. 
2,760 O88) ay ax” 
8,070 812 2] .. .. 
8,240 215 56] .. .. 
8,850 ee ae 284 
8,387 810 2) . .. 
8,488 8 410] .. .. 
8,918 6 GIL] .. 4. | Carried to vaults and rammed 
and watered, 
4,000 24 90] .. « 
* 82 8] we 
. 3°38 8] .. 
i B41] .. a 
" B84 Of] we owe 
Me 68 8 8] .. «. 
a 8 910] .. 
4,029 318 8] wow 
4,080 815 2] wa 
4,125 Bid 4) .. 
4,150 O16 BY] ws 8 
4,200 4 1 6] .. 
F 124]... 
yi aS 212 6 
" ce ee 213 4 
4,488 B87 Al woe, 
ceen) 814 2 oe oe 
4,720 ve we 214 7 
4,766 811 8f .. «ss 
4,947 314 2 ae ee 
5,000 | .. «. | 2 18 10 
5,200 coe su i 
i tel. dak 815 7 
5,850 sees 87 1 
5,866 ABB hate 8 
5,400 8 8 9] we 
5,107 woe | OTE L 
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Rate per 1,000 cubic fect. 
Distance, Remarks. 
ding 

Boece i. Not spread, 

Running fect.| ng Ae oP, | Re AY Py 
F 4 811} .. 
6,800 41 8] .2 oe 
7,000 S3il10] .. . 

7,215 tee B11 38 

7,072 oe oe 85 0 

7,702 a ew 8 5 2 
7,788 4%76/].. .. 

8,000 oe ee 8B 2 6 

” oso 8 18 10 

” sete 3814 8 

” oe oe 44 1 

8,180 oboe 3811.3 

8,230 asiy 76% 3.8 2 

8,446 ate a 38.8 2 i 

8,456 B 410] we ae 

8,500 oe ee 44 4 
8,848 410 7) . 4 

9,000 oa. ey 79 0 
9,030 6 4 1 eee 
9,186 5618 1 tea 
9865 | 6 811] .. .. 

11,200 se we 4 0 5 











Rates of Earthwork as exeouted on the Solani Earthen Aqueduot in 
ballast-waggons drawn by horses. 





ee eee ole 





Tato per 1,000} Rate per 1,000 
Distance, enbic feat, exclusivel} Diatance. cubic feet, exclusive 
of spreading. | of spreading, 
Running feet. Ws. A Running feet, my AL 2, 
01 384 «6 i768 89 1 
7,600 8 410 £1,200 6 0 6 
8,673 3 8 10 F 516 6 
8,540 813 2 | — 11,h40 6 20 
8,840 415 8 | 11,555 6 8 2 
8,960 5 710 412,000 612 0 
9,400 6 9 10 £2,205 6 4 3 
9,650 § 4 9 12,400 620 
* 10,175 412 2 14,480 B18 4 
10,760 5 0 8 15,000 4 8 Qe 





* Tt is remarked of these 1ates that they wero too good to last. 
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The gectional form of that portion of the aqueduct 
which we ate now desevibing is shown in diagram 141, 
representing the work ag it will be on the completion of 
the boulder bed, to be oxtended over the whole of the 
earthen channel, as a protection against the wear and 
tear of the current. The depth of this layer of boulders 
(or round stones from the Ganges River and its neigh- 
bouring branches,) will bo two feet. The stone ought to 
be of the largest description procurable, ag its valuo for 
tho purpose intended will depend in a great measure on 
its immobility. ‘To relieve the works from such a heavy 
cost, as the transport of so much material by land 
carriage would entail upon the estimates, this portion of 
the undertaking has boon reserved until after the admis- 
sion of water into tho canal, when the facilities offered by 
water-carriage will render this pavt of our operations 
comparatively simple, For this purpose a numbor of. 
iron boats have been built ready to be put on sorvice imme- 
diately the time for floating them arrives. These with the 
boats which have been used for a considerable period on 
the navigable canal foy the samo purpose, in bringing 
stones from the Ganges to tho Ranipoor works, will give 
a vory good flest to begin with. I would recommond, 
however, that the manufacture of cithor the same class 
of boat now used, or of a better sort, if such is thought 
necossary, should be continued, until there is a sufficient 
number to provide bridges at the different navigable 
heads, as well as for the transport of stone. For these 
purposes at least 200 boats might be completed with very 
great advantage. At the present stage of the earthen 
aqueduct, the canal bed is raised above the true level, so 
as to adinit of settlement and consolidation; the delay in 
depositing the stratum of stone will be so far advan- 
tageous that it will give time for this consolidation. 
Taking a practical view of the method to be adopted in 
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layfng down the stone, I would recommond that it should 
first of all be completed in the immedliato vicinity of tho 
aqueduct proper, or in those regions whero the bed is 
the most elevated, and whore tho sido rovolmonts are 
necessarily the least protected. Aflor this was finished 
a width of 40 feet, or thereabouts, laid in on tho sides of 
the channel nearest to the revetment walls on the whole 
length of the earthen aqueduct would be the most desir. 
able position for the stone. Tho contrical part of tho 
channel would be the last in sequence of this mogb neccs- 
sary part of the operations, A. good deal of sottlement 
and probably of an ixvegular nature may bo anticipated 
on such a long line of artificially raised cavth. A. envefal 
watching of progress in this point will naturally bo tho 
earliest considoration, and it is my opinion that many 
years will elapse before we can hope for tho establish. 
sment of a bed sufficiently permanent to admit of the full 
supply. Nor can this permanent bed be hoped for, until 
the stratum of stone has been laid over the whole of the 
surface, It ig in vain to expoct immediate resulis in the 
early delivery of largo masses of water upon tho high 
land of the Doab at Roorkoo, until tho works in the. 
Khadir, ospocially those spporlaining to tho Solani 
Valley, avo fairly ostablished, Tho delay that I auti- 
cipate is from tho bed of tho carthon aqueduct morely. 
The effects upon this part of the work will be the measura 
by which we can regulate tho admission of supply, ‘Tha 
constant necessity for laying this work dry, and tho 
importance of doing so for the purpose of watching the 
action of the current, are matters upon which its ultimate 
security, and in fact its oarly officioncy ay n permanent 
line for the cartiage of a body of wator doponds. No 
feelings of disappointment, nor of dogive for rapidly 
gaining resulis, ought to militate against tho views which 
ZT have here recorded. The works avo of a nature 
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unknown in any of the canals yet constructed in tiftse 
provinces, I believe that the difficulties which we have 
had to contend with, in the impracticability of disposing 
of the mountain torrents otherwise than by maintaining 
them on their natural coursos, will be hereafter (even 
when canals ave taken from all the great rivers that de- 
bouch from the Himalayas), as they now are, » remark- 
able featuve of the Ganges Canal works. At any rate tho 
peculiar nature of these works demands peculiar trent. 
ment ; and it can only bo by slow and deliberate manage- 
ment that they can be expected to answer the purpose 
for which they were designed. 

Té remains now for me to say a few words, in closing 
this section, on the masonry works which are attached to 
the carthen portion of the Solani Aqueduct, I have do- 
seribed theiv design, and for further oxplanation on this 
point refer to Plate XXVIT. of the atlas, where drawings 
are given in detail. Tho terminating bastions, or the cir- 
enlar masses of masonry which come in contact with the 
canal channel on its approach to, and departure from, tho 
aqueduct, owe their decorative character to tho figuros of 
lions on tho pedestals. Those lions were designed and 
executed by Lieutenant Georga Prico, of tho 1st Bengal 
Fusiliers, the Assistant Mngineer, under whom tho aquo- 
duct proper was constructed. The figures, although 
neithor of bronze nor stone, but of plain brickwork, have 
the merit of being made from the material on which our 
resources have depended. In this respect they ave, in my 
viow of the case, more satisfactory than had they heen of 
a highcr order of art imported from Europe. They are 
specimens of the work of our own ongineers, and as such, 
ne dlono deserving of exedit. The masonry of which 
they are built, both as regards brick, ime, and work- 
manship, is of a very superior description. They are 
stuccoed, and as I have before remarked, they are well 
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clevated on their pedestals, and look outwards from the 
aqueduct. 

Tho bridges avo, ad I have before noted, on the 
dosign doseribed ag Class No. 1 in tho chaplor on bridges. 
Thoy are plain, with thoir cutwyaters stwrmouniod by niched 
pilasters, The waterway consists of threo bays with eltip- 
tical archos of 55 foot span onch. Tora distanco of 850 foot 
on thei up and down-stronm facos, or on that portion of 
tho-revotted aqueduct which is deseribed on ogeo curves, 
the steps or ghats are cut off from tho towing-path, This 
passes round on a vamp made especially for ils con- 
venience, The privacy of tho ghais is dosignod for tho 
accommodation of bathers, who can horo porform theix 
ablutions without intorforence from the towing-path, Tho 
line of ogeo on cach flank is in fact a cul de sae tormi- 
nating on tho face of the bridge, near which ayo stops for 
convenience of passago between the high and low lovels. 

The cattle ghats which lie between the lions and the 
ogee curves of approach to the bridge, are works which 
will be duly appreciated by the villago community in tho 
accommodation that ihey offor to their cattle; in addi- 
tion to thig, at low water they might offor convoniont 
points for tho loading ov ynloading of valts for which tho 
inclined plancs upon which thoy are built ave well adaptod. 
I have boforo observed that the lino of commmnication 
along the berm is maintained across thoso cattle ghats by 
archos, which render the wholo an unbroken and con- 
tinued line, 

The revotments wore laid in 40 a depth of 12 inchos 
below tho natural surface of tho valley; thoy wore oithor 
filled with earth consccutivoly with the progress of build- 
ing, or the earth was thrown in afterwards, Upon this oarth, 
which acted as a contering, the archos were constructed, 
so that the whole mass is formed of woll-consolidated 
earth, protected on tho sides of the channel by masonry. 
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Tt was a question whether to leave the revetment 
hollow, ov to fill it with carth. The reasons which decided 
mo on the latter course were: 1st, That taking tho 
proportions of fig, 2, diagram 162, it appeared to me 
doubtful whother the walls were sufficient for stability 
without the interior support of earth, especially when the 
height of the revetments was at its maximum. In this 
doubt I took into consideration the possibility, if not 
certainty, of the interior boing filled with water, as well 
as the chances of the action of tho current laying the 
channel front bare to a considerable depth. Secondly, 
the mexe hollow shell offered by the revetment ‘figured 
abova, appeared to me to be an ingufficient protection 
to the ombankments, and with other evils, to give facili- 
tics for leakage. On the other hand, well-vammed 
clay in the interior would add to the water-tightness of 
the channel in its elevated position above the valley. 
Thirdly, the congtruction of the arches and building in 
gonoral would bo greatly simplified by the interior being 
filled with earth. The only objection to filling tho revel- 
mont with earth, as far as I could gather, was the 
offect that absorption of moisture by the earth or clay 
might have upon the enclosing walla. The advan- 
tages in favour of solid over hollow revetments ap- 
peared to me to be sufficient to prevent the objection 
above specified from influencing me in tho selection, 
The value of these revotments depends so much upon the 
efficient maintenance of the canal bed, that in giving all 
ow attention to protecting the latter, and in strength- 
ening it by all the means in our power, wo in fact do the 
some sorvice to tho revetments, 

I have before remarked that with tho exception of 
kunkuy and vitrified brick, which, comparatively speaking, ~ 
have been yory sparingly used, the wholo of the revot- 


rs 
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mont and domminal works are built with brick masonry, 
with « limo comont mixed in tho following propor. 
tions :—z 

1 part of sione Hime, . 

I part of soorkea, 

1 part of sand, 
Tho brick has boon denominated sosond class, from tho 
circumstanco of the bost having beon solocted for tho 
aqueduct proper, for tho bridge archos, and for other 
portions of the work whore tho heardost matorial was 
voquired, Although bearing the namo of tho second class, 
and nobso well burnt as tho ather, it is not to bo undor- 
stood that the brick was of a bad quality. The matorial 
was sound, and woll bwmned, and would havo beon 
recoived as such on any large Board of Works, Thoso 
bricks, in fact, wero vory much bottor than those used fox 
builtling purposes in England, and, as far as I obsorved, 
equal to any that T saw on the continont of Kurope. " 

The whole of the outer surfaco has been stuccood with 

a cement of the following proportions :—~ 
14 part of stone lime, 
1 part of soorkeo, 


2 parts of stone lime, 
T part of soorkee, 


Ist coat 


2nd coat 


T have in Plato XXVIT. Atlas, shoot No, 14, givon 
ropresontations of the knnkur and vitrified brick building 
as oxocuted. Tho formor, whon nob laid in blocks, was 
used as boton enclosed in brickwork sivongthoned by 
brick bond. Tho laticr is in horizontal courses, alter- 
nating with brickwork, tho aliornating lines boing bounded 
by brickwork introduced vertically at fixed distances, 

Tho abovo gives as full a dolail as appears to bo 
necesuary on the earthon aqueduct lina, tho groat exlont 
to which it is carried rendering it tho largest, as woll a9 
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the most important part of the Ganges Canal works, 
We now, therefore, proceod to describe the aqueduct 
proper, or that portion of the works over the, Solani 
Rivor which comes in immediate contact with the torrent, 
for the passago of which provision has been made below 
the levels of the canal bed, 


TL—Masoxry AQueDUCT CONNROTED WITH THE 
Sonanr Torrent, 


On my retun from England carly in 1848, I found 
that the block sinking of the foundations had been com- 
_mencod, that the whole of the blocks of six piers on 
the right, or Roorkee side, had been completely sunk, and 
that others wero in progress. Referring to Plate XXVIT. 
of the Atlas, at the period that I allude to, the state of 
this portion of the work was as follows :— 
Completely sunk;—Nos, 40, 41, 42, 48, 44, 45, 46, 47, 55, 56, 57, 
58, 59, 60, G1, 62, 71, 72, 78, 74, 75, 76, 77, 
78, 185, 136, 187, 188, 189, 140, 141, 142, 
151, 152, 158, 164, 155, 156, 167, 158, 167, 
168, 169, 170, 171, 172, 178, 174. 
In progress of ) Nos, 102, 108, 104, 105, 106, 107, 108, 109, 110, 
sinking: } 119, 120, 121, 192, 128, 124, 125, 126, 
Bome subordinate earthwork in the way of cofferdams for 
the protection of the above abutment, and a eut made on 
the left of the river, to facilitate the passage of tho stream 
on the down-slream side of the works, and which oxisted 
on my arrival under the uname of “ Strachey’s Cut,” had 
also been done. The slate of the works on my relurn 
was that of full progress in block sinking, 

Certain alterations had been made in the arrangement 
of the blocks, of tho abutment and wings, Lines of 
Plocks had been recommended by Major Baker in sub- 
stitution for the sheet-piling which was proposed for the 
front and year aprons; and the cutwaters which had in 
my design of 1845 been proposed as merc appendages to 
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tho floorings and apron, wero rocommonded 10 bo founded 
on blocks sunk to an oqual dopth with tho rest of the ” 
foundations. Tho alterations mado to tho abutment 
blocks depended on an ineveage to the thickness of the 
abuimonis thomsolves, which from 15 foot wore oxtonled 
to 21 foot, Tho ovonly sized blocks which were ovigi- 
nally dosigned for tho wings had given placa to an 
olor line of largo, and an innor lino of blocks of a 
smallor sizo, Tho substitution of blocks for piling al tho 
head and tail of the,aprons, and giving massive founda- 
tions to the cutwaters, woro to reduco ag for as was 
possible the offects of percolation and vomoval of tho 
subsoil from the floorings, as well as to givo to tho * 
floorings and 10 tho protectivo arvangemonts in their 
front and roar, greator strength and stability then piling 
offored, The wholo of these alterations wore carried ont 
as far ag they could be. 

The superstructure of tho aqueduct is unallored in its 
general character from that which was originally dosignod. 
Additions havo boon made in connection with tho canal 
bod, both on its wp- and down-stroam onds; and in dotnll 
of construction, slight doviations (all of which will ho 
Asacrihed in thoix proper places) havo boon mado, adapted 
to particular cireumstancoa, 

In olevation, tho dosign, architecturally apoaking, is 
tho same ag it wasoriginally planned in my roport of 
1889, 1840, Tho wings havo boon altered to brokon 
yusticated basoments, supporting podostals 5 and tho pilas- 
ters over the cutwators havo boon picreod by cirenlar 
holes which are intendod for tho vontilation of tho span. 
drils. Those, with a form of eutwater somowhat modified 
from tho ealy drawings, avo the only deviations fvom tho 
design as firsi contomplatod, 

The work will bo undorstood by reforonca to Plate 
XXYVIL. of the Atlas, and to tho sories of plans which 
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show the works on the Solani Valley. In viewing it from 
tho valley, it consists of fifteen arches of 50 feeb span 
owch. ‘The line of arches is terminated by trusticated 
wings, each of which supports pedestals, on which are 
lions similar to those placed on the terminal works, 
although of larger proportions. Theso lions face inwards, . 
looking towards the Solani River; and guarding the 
portal by which the torrent passes through the works. 
The foundations of this building will be first con- 
sidored. I have before described the nature of the torrent, * 
the sandy character of its bed, its saturation with springs ; 
and have mentioned, that although during floods, it is 
the bearer of an enormous quantity of water, at other 
periods its stream is quite insignificant, varying from 5 to 
20 cubic feet per second, whilst in extreme droughts, a 
superficial run of water ceases altogether. As the 
dimensions of tho foundations are dependent on tho 
amount of waterway of the superstructure, the circum- 
stances by which this was determined may be best 
explained before I commence upon the details of con 
struction, Tho original design for tho waterway of this 
river which accompanicd my estimates of 1840, gave nino 
bays ov openings of 56 feet cach, or an escapo in tho 
agevegate equal to 604 feet. This was founded on ealeu- 
lations of floods observed by the natives, verified in somo 
degroe by existing marks of high-water. The ropulis 
wore dorivod from observations hastily taken during tho 
course of a survey, which with its field work, plans, 
estimates, and report, wore all concluded within tho 
space of five months. Further observations, however, 
appeared to sustain the correctness of these calculations ; 
but in 1844, a flood which ocewred during the residence 
of Captain Turnbull of tho Engineers, at Roorkee, 
although it did not exceed the capabilities of my aqueduct, 
led to speculations as to the propriety ov otherwise of 
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extending tho dimensions of a work, upon the stubility of 
which tho canal dopended. In submitiing my report 
(with estimatos), of 1845, thorofore, | went junto some 
-dotail on this matier; and ag the romarka tht wore thon 
made will bo intorosling as.showing tho gradual progress 
by which tho aqueduct eached its prosont dimonsions, 1 
shall hero slato the views which T then had, promising 
that up to the floods of 1844, I had determined on so 
far modifying tho former dosign ag to give a cloar wator- 
‘way of 500 foct broken into ton sparts of 50 foot ench, 
with a reduction of dimensions to tho piers, Bo os Lo 
render the obstruction as small as possible. “In tho 
above estimates I remarked (veferring to those of 500 foot 
waterway) for the passago of tho Solani Valloy, I have 
with reforonce to tho probable hoight of tho most oxtrema 
floods, projected works, which from tho caleulatod dis- 
charge and area of the flood-water of the Solani River, 
appeared to me to be amply sufficient, There wore no 
indications of floods having voached to a highor level 
than that shown in the sections abovo given; and tho 
cultivated stato of tho trach of low land lying botweou 
Bajooheri and Roorkee did not tond to tho most remote 
inference that floods cvoy occurred of such a magnibude 
as to lead to their ontire inundation, 
Diagram 145, 
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‘This section 4s oblique to the Seam, and consequently exaggealtd. 


Tho proceding section ig that of a flood which oceurrod 
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on the 28th July, 1844; the extreme height exceeded by 
8 feet that which had been supposed to be the maxi- 
mun, By referring to the section of the valley between 
Bajooheri ahd Roorkee, it will be observed that the in- 
undation arising from this flood oxtends across the 
whole surface. Its duration at the extreme height did 
not continue peyond an hour or two in the middle of the 
day; bub at 7 p.m. it was running ab a height equal io 
the highest flood of 1848, I had in my report of 1840 
adverted 40 the circumstance of the country lying at the 
foot of the Sewaliks boing occasionally visited by floods 
of extraordinary magnitudo, and that in projecting the 
watersyay of tho Solani Aqueduct, the passage of unusual 
floods had been provided for. This, which was written 
in 1840, was justified by an experience of twelve years, 
passed in contending with threo of the mountain torrents 
connected with the Sewaliks, two of which were first- 
rato. Of the capriciousness of these torrents I had not 
been on inattentive observer. The periodical occurrence 
of yemarkablo floods, confined apparently to the water- 
shed of the Jumna, was exhibited in the rains of 1842. 
Tho fall of rain which led to the floods of that year 
appeared to be confined entively to the Sowalik Hills and 
to the forests lying at their base, The mountain streams 
and vivers connected with them and with the Jumna 
drainage basin, were charged with a supply of water not 
known before for many yéars. The Doab Canal works 
suffered considerably. The bridges on the high road 
between Ssharunpoor and tho Ghwmookteesur Ghat 
(two of which had remained uninjuved since their con- 
strnction 20 years before) crossing the Dumola, Hindun, 
Wost Kalli Nuddi, and other stveams tributary to them, 
ero also sufferers in a groater or less degree. Yet 
during this excessive flood, which affected tho country, 
even at tho head of tho Hast Kalli Nuddi, the Solani 
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River did not xigo above the oxtromo high-wetor-mark 
noted in tho sections that accompanied my plans of 18-40, 
Tho xemarkablo fact is, that although tho drainago that 
supplies the Solani is porfoctly distinc) from that which 
feods the rivors aboyo allndod to, tho watorhoads of oach 
ave in contact, and it was natural to infor that the heavy 
vaing that led to tho floods of tho Jumng slopo, wore 
common to the line of hills and forosiy oxtonding over 
the heads of the Solani. Local falls of rain, howevor, 
are by no means of unusual occurronco in thoso regions ; 
they in fact bocome ono of tho many difficulties with 
which wo havo to contend in our dovicos for rogulating 
supply, and frequently lend to catastrophos at ono point 
of the works, whon at othors no vain has fallon at oll. 
During tho floods of 1842, to whieh I hava above 
alluded, as causing such dostruction to tho bridgos con- 
nected with the rivors under their influence, the high- 
water on tho Ghazioodeonnuggur Bridge (a work built 
over the Hindun, not for from its confluenco with the 
Jumna, although a long way below the junction of the 
Dumole, Wost Kalli Nuddi, and othor tributarios to 
which it owes ils supply) was vory much in excoss to 
that of 1844. Hore, again, local circumstances affected - 
the magnitude of the floods. In 1842, tho bunds which 
ave connected with tho Uastern Jumna Canal works, and 
which avo raised to prevent tho wator of the Muskurra 
from yveaching the works, by*thvowing its supply into 
sents connected with the Tindun, romainod uninjured 
during tho rainy season, whoreby the wholo of tho drain. 
age from the Sunsurra and Kalowala Passes lowed down 
the Hindu. In 1844, on the contrary, the bunds in 
question broke, and tho 1Tindun was theroby rolieved of 
80 much flood water, 

, Tam prepared for tho vomark that with gsugh an 
extended section as that shown in dingram 148, 1 por 
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tion of the water would be still or merely inundation. 
Tt is difficult to say to what extent this might exist; and 
the impracticability of measuring the superficial volocity 
on different portions of the width of a xiver of this do- 
soription, so as to obtain an approximation to the mean 
of tha whole section, leaves us entirely dopendent on 
calculations hased on tho observed slopo of the bed of 
tho viver. These, although they may be considered accu- 
rate when the stream in the channel of a canal ox river 
is compact and of one depth of section, are nok to be 
depended upon in floods rising above the banks, and 
inundating the neighbouring country, As an cxemplifi- 
cation of this we may refer to diagram 145, which merely 
exhibits the section immediately in the region of the bed 
of the torrent. Now, calculating this with reference to 
mean velocity deduced from the slope of the river, wo 
have a discharge per second equal to 84,108'64 cubic 
foot, » volume of water which ig ten times as much as 
that which flows in the Ganges during the dry months of 
thé year, and half as much as that of the Rhine on thd 
French frontier, which is said to be oqual té 168,258 
cubic feet per second, It is impossible to consider (when 
oslimating the surface of the country bounded by tho 
watorhoads of tho Solani above the aqueduct, or in other ' 
words, the catchment basin, which throws its water upon 
the .point where tho above section was taken) that so 
much rain could have fallat; and the inference noceste- 
rily ig that the mean velocity of the water runhing on thd 
above section could not have corresponded with the slope 
of the bed of the torrent, I may observe that fhe section 
4o which I am referring was by some mistake or other 
taken obliquely to the course of the river, a ciroumstance 
which per se affects its value. Tho results of this obser- 
vation were no doubt of gyeat importance. The floods of 
1844 wero of extraordinary amount on the Jumna, as 
VOR), It. pane 
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woll a8 on the Ganges watershed. ‘Villages built on 
ground usually out of the roach of high-water mark wore 
swampod and catllo drowned, Old branchos of the Jumna 
which for years had boon dry, and which provionsly to 
the floods of 1844, wore covered with foros! and gigantic 
Bur and Simmul trocs, showing how long thoy had 1o- 
mained froo from tha effocts of flood ox sumning water, 
wore during this year swopl out, and xostored to their 
formor stato of river beds. From this ora, in fact, wo dato 
yery extraordinary changes to tho amount of water 
thrown down the Boodheo Jumma during the rainy 
season, and an increase of volume which in procading 
yoars had beon comparatively wlmown., In coucluding 
the subject of tho floods of 1842 and 1844, and in 
furthor exomplification of thoiy height in tho lattor youu, 
T append a sories of observations takon by mo in the coli 
weather of 1844-45 on tho main Jumna, at Raj Ghat, in 
the Deyra Doon. Tho sito where tho soction embracing 
this series was taken was at tho forry immediately before 
the river entors the Sowaliks. 


Dingram 146, 
SUMNA RIVITR AP RAT QIAL MUNDI, DEARA DOON, 
Hhowlng ho holght of floods in the saing of 1644 Lt Comparison with Mio of other yoni, 
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F fiom having annually, for many years, fshod in iis 
pi pais: “£My suipriso in observing’ the offocls of 
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the floods at this point was very great. Large tracts of 
elevated tablo-land on the edge of the river, which had 
beon alwsys in my recollection used as stacking places 
for timber, were washed away. The shape of the river 
was changed; and tho Girec, which in former years 
entered tho Jumna at a point on the right immediately’ 
above the sito where the section was taken, had taken up 
anothor position entirely. 

Tn considering the floods both of 1842 and 1844, it 
becamo evidently necessary to anticipate the recurrence 
of similar or even larger ones; and with this view I 
inoveased the waterway from ten to fifteen bays of 50 fest 
each, giving a total width of 750 feet, By adding cou- 
tor-atches and otherwiso sirongthening the floorings, and 
by vemodelling the transverse section of the superstruc- 
ture t6 moet the increase of headwater, tho capacities of 
opening for the torrent were sufficient for floods of even 
® groater magnitude than those of 1844, 

The improved section at this period will be under- 
stood by reference to the following diagram, showing the 
waterways formerly proposed, and those determined on 
in 1845, “It is interesting to place these sections upon 
vocord, that wo may comparo them with that which was 
ultimately built : 


Diagram 147. 
old. 
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oleh bby Afflux, 2. 
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The design of tho foundations was adapted to a 
watorway of fifteon bays of 50 foet each, with piors of 
10 fect and abutments of 21 feet in width, the latter 
being flanked. by the wing buildings which were connected 
to, and. continuous with, tho royéiments and embank- 
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thonts of the ‘oarthon aquedduot. “tthe oxtiome width” ot 
~~ the channels for carrying tho: canal water dver tho Solani, 
a ‘including their walls: ‘or: rovotmonts, was 192 foot. The 
ion aittperficial arot, that tho body of tho aqueduct 
vored was 178,044 sqnaio foot, or 082 foot in "longti, 
and in breadth: 102 fect. Detached from, this *tortes: of - 
foundations, which * wot, Ustinetly: ‘for tho’ support, ‘of thie: 
superatrnetinte, ‘there’ wero advanced ‘lines of. blocks" in -- 
substitution of tho shoot piling which had boon originally , 
proposed} ag well as blocks at tho: torminal points ‘of the 
piérs for tho support of the cutwaters, Theso, with the'! 
blocks for the gupport.of the swings and lines ‘of rovot-" 
‘“thent: forming: tho flank approaches to tho’ masonry froin. 
‘the earthen: aqueduct, constituted tli work to ho donot in 
“block sinking. 
“5 Che total number of blocks’ whidli ¢ are fnlotudod in the j 
: different Side of thé: work above nefereed fo: ‘oma . 
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those wells was sixteen, ee ; 
* Phe plan: of the: doandations 3 in all iis detail is. shown: 
in: “Plate XXXVI: of the Atlas, . This plan ‘exhibits ‘the 
‘precise position , of each, block when first built, and.as Ioid 
dn the true alignement of the work, Tt algo shows the state 
incwhich the, different: blocks existed, after their under- 
‘sinking had been completed, and ater the blocks therh: 
selves had “passed through ‘the ordeal of. the downward 
movement which. necesgazily, more or less, affects ‘their’ 
‘position, A careful observation of this plan is interesting 
“88, explanatory of. the -very. small change that has taken 
piace-i in sinking. largo. magson of masonry to a depth of 
; vhilgt in the smaller masses, especially in those 
er ig. an aberration to, amy, extent. from: ‘the 
“perfect square, tho movement is more considerable. ‘ 
The method. of under-sinking is practised by. the 
“natives: of India (in the North-Western Provinces ospo- 
-olally) to great oxtent. Lt is universally adopted in‘ wells: 
fox drinking purposes, and-is largely used by their engi- 
nears in obtaining supports for their masonry works, when’ 
tho -soil is cither. sand,-or of 9 treacherous’ natures“ In. 
‘stich, casos, oylinders “of ‘masonry are stunk cither . a 
distances apart or close “together, and’ upon: their’ tops: 
which ayo! ‘arched over and. connected by magonzy, or ‘other 
sbonds, the suporsttucture - ig: raised,” In ‘all the works’ 
-which I had-built upon the Haste Jumna Canal,’ ‘this. 
species of foundation. had been used ‘with great.success 3: 
“and.on the ‘Weatern Juma: Canil, Colonel Golvin,: who 
laid the foundations ‘of the Dadoopoor. Dam, had extended 
,the:principle by, under-sinkin, rectangular. masses of the 
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following: ainensons; 1B foot long, 4 tok brow en 


“10 foot-deep ; a good deal of tho indor-sinking being: 
‘eanvied throtgh small ghinglo, Colonel Colvin had, with - 
“greater: or legs success, also-sunk tho,plors and abuiments ” 
“cof pmell. bridges: which: vequixod dcop: foundations,’ tho . 
“whole pier or abitinent ‘being ander-sunk in ono mass, 
~The success with which this had ‘been oxoettted, showod.. 
‘that the prineiple of wider-sinking: might. ‘bo oxtonded:to 
» “vary, large masses of masonry; and in planning the Solani 
Aqueduct, Toextended it to -cubos‘of 20 fect... hia dimen- : 
“oplony i¢- will bo. observed, “had: boon increased: at tho 
Dhunowri works, whero.tho maximum horizontal dimon-' 
‘sion of the blocks ig equal:to 80 feat long by 80 foct broad, 
‘the:dopth to which they svore sunk boing ‘20 foot. .Tn 
» Metailing tho progtess’ of tho block-sinking I shall draw. 
“wattontion to cortain laws which appear to guide thopro- 
“ spottions “of, those. masses’of- masonry, ‘but in’ a..goneral., 
* Avay. the difficulties of sinking ab all; and tho: dangor of 
the blovks-going down. unovenly,. increase ‘as,’tho. fonn : 
; Manders from that of tho square ox the eitelo, a 
“From:the nature of tho. river with which: wo' ina. 40 * 
: ‘deat the charactor of its bod and slopos, und the:oxistence 
of sptings onthe: suefice, it wag cloay that thoro was, no’ 
“vmottiod of laying the foundations in the usual. way: by 
vexsavation, . The alternatives: lay bobwaon tho Huropean 
"system: of piles, ‘and. that’ adopted: by’. th ‘natives, “of 
“masonry under-sinking. Tn-my own -anind: I~ had: tio. 
re doubt ‘whatover of the relative valuo of tho two-} bub.’ 
opinions were ‘freely given. by -divil ongingers: whosd, 
perience had beon derived. from European praatiog;: I. 
be allowed to: snes a xeaROnS : for selonting! the 

















: “building oviginatad i invan ‘idea’ that-it was: ssnposdible to S 
i lay” masonry foundations. to. the: ‘depths. that-could a 
xeachod: by Piles, That-ag Jong ag this idea lasted, the : 
European: ‘enginear would, in cages ike ‘the foundation : 
“08 the ‘Solaini. Aqueduct, ‘continte to use. ‘piles, and ‘to. 
‘depend. upod ‘them ‘for the: support. of ‘hig superstracture o 
Tam not-awaro, excepting in. cases: to ‘whitch there is ito. 
: ‘Tecossity to-vefer: here; as they are cleaily exceptional : 
“Ones; that either engineer ox: architect trusts. to “piles... 
‘where he ‘can:sink hig foundationg to’ a’ sufficient. depth,’ 
“and ‘got the security required without them. | Possessing, . 
vag T: didj; the mos ample resources: for masonry ‘under, ”. 
“sinking ‘ag adopted by the’ natives, by which the founda- 
‘ton:would bo-carried. tothe required: depth, why should : 
oDehave: adopted a method ‘which is clearly‘an imperfect. 
‘ piubstibute:?. “Nobody, I-imagine; can: argue: thati a. 
“building” supported ona series of. shaip points, standing . 
“ron stilts, ag it were, as is. the case where: piles are 
“oad ont ‘besequal: to that where ib stands. on-a~broad © 
“hase, | ay is tho pesult. of. the block ‘system: On: this 
ground. alone iI select blocks. in “proference ° to piles. ‘ 
Were: the: snothod , of undgy-sinking comprehended. in 
ok ngland,. ‘I poliovo: that: in fully appreciating: its: advan~. 
‘tages, it would i in oll sandy and ‘light homogeneous Boils: 
“be adopted 3 in preference to any other. sort. of foundation, 
“We ses; infact, in somo. bridges lately constructed on. 
thé Bnglish railvoads,.‘an: approach .to: the pringiple. a 
/ttnder-sinking, anda: recognition of the. advantage: to:be- 
“gained by discarding the common pile, The iron dylinder! ” 
i welts ig subsequently : filled with. masonry; and:, the. 
- different inventions . for depressing. hollow’; masses. by 
) atmospherio pressure, ‘are. ‘all: tonding to the. tight alten 
.. dion, ‘viz., to. substitute for points;: ‘surface. fe 
y Eixpenise, however, is a mation: that: after all, ighot 40 : 
be dealt with lightly. At. the: Solani Aqueduct we could 
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only hae used the Tnxgost spocies of. timber, ‘stiles thot 
ivould havd: had:to bo brought: from the ‘foroxté’ in Rohil- 

~deund, on, the left of tho Gangos, with gront difficulty, and 
“ab great: expense, ‘Wo should have had to construct very 
~ powerful chgines ab also'a great exponso } and so shotld. . 
“havo had to instruct our Inbourors in a-species:of work to 
which they.wero in a measure tinaccustomed, The, piling 
‘with its: supergratings 1 would have cost, including ongines, 
repaitsy ‘and all the. different contingoncics to which guch 
-Spacies: of work. is liablo, at least half as Much again as,’ 
‘that of the blocks; -It would havo had, in my’ opinion, 
one dolitary advantage only, and that.is, that the longth © 
-0f pile ‘would have. admitted: of; our getting: to. a dopth 
“6 feot helow.that of the blocks. Whether, in tho-faco of , 
. A torrent, where the supersoil:of tho bod iy in. motion to 
considerable dopths, and where the: evils of percolation, » 
and the escape iof subsoil aro by.no mogns to bo left.ont:. 
“of considevation; it would have been worth while'to. go” 
ton gréater: expense for .2 spocios of foundation most 
remarkably ineapablo of offering’ opposition to those ovila, 
“is.a.quostion upon. which I think théro can -bo no doubt, 
‘T have novor felt the lonst distrist'as to tho goloction of | 
“the masonry blocks for tho foundations -of the aqueduct, - 
“D0 Sonia d over think at piling whore sueh, blocks could 












cs Tn ng in tho ed of tho rivot, , the dopthe #0 which 
4 the irons wore carried did not oxeeed 87 foot, ‘Chore wore 
Mo. menus t-hand:for prosocuting those i inquiries :to ‘any. 

eat extent, nox did I consider that such wore’ of dinpor-:.. 
fox as: vegarded the foundations only, «As thove’. 
tention of p oooodling. to oxtraordinnyy depthe, 
ng: 20- feat bolow:.the: suxfacb . 
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20. fee ‘is Wo: should aye “been: at sane ‘proator 
the.; With moderate: depths of block sinking, moreover, 
should bo more certain of securing. an, equability: of 
or. -sinking, To the depth: of 87 feat, nothing was’ 
ik uit gand occasionally. mixed with: clay, “but. in - 
v pital. proportions that: sand was: clearly ‘the pres ; 
ing’ ingredient; In’ practice, . this” was in a arent. 
sure corroborated, although many of the blocks have 
eed through: and: vost upon a soil of a much’ firmer. 
sistancy than ave: met swith in the boring: operations.” 
“blocks, liowever, may, be’ considered as: resting upon, 
1; ‘protested both-in: theix ‘front:.and rear by-curtains 
tho purpose of. maintaining the said sand intact, and 
from ‘the action of current, either direct. in itspro- 
a down the river, or indirect in its effect.in eddies or. 
‘ements caused by-obstrnction. Tho design will be 
“understood by & diagram roprosenting be oniginal ° 
vu of pe ou 









: Diagrani 148. ie "Dh 


2 Solat River, » 








rhe shires gives the aquedet on ‘proportions dosigned : 
“a much smaller quantity. of water; but although: 
snded ‘in width’ to. ranger it: capable of caryiig the 
tov oF Ey of the estimate of: 1845, the details ave. the 

“Horo -it-will-be seen ‘that’ the front and-vemr are 
en ord by sheet: piling: avith ‘a-magonry apron,’ Projected, 
a distance of 80 fect beyond the, body ‘of the super- 
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( fives supposed that all action of tho current 
would:-be  Himited: ‘fo.tho oxtreme boundaxios marked: by 
sheet. piling. .: Tho: after improvement: of substituting 
blocks for thesd:lines of piling has: still further incroased 
“ the value of those'protoctivo curtains} and eansos which 
‘Will be loreafter: oxplained “have lod. to fiirthor modifica: 
‘tions bywhich.tho: action of the“eurrout is romoved. tov 
still greater. distanco from tho body of tho work. ° Tb.avill 
be comprehended by looking at the: suporficial area’ on 
which the: base of each. of: the blocks on, which: the “main, 
“puilding rests, extends, . how much this: adds fo the 
eabihey of. the foundations. 
‘«) T now come to tho practical method of tndersivlding 
‘the masses of masonry which form the support’ ofthe 
“aqueduct, ag in-the common oylindyical well. A woodeix.. 
‘ourb (neemchuk) ov frame is placed “in tho position in 
which: the: block is to..be. sunk; tho masoury ia: then 
either built up to itsfull height, ox.only partly built. ib 
ig then permitted to atand over for induration, “Gxmy' 
original dosign, each of tho cubes wns povforated by four: 
‘eylindtical: holes; ‘an arengoment which was. altored: into. 
square ox octagon onod, aX giving moro ‘apedo for the | 
-unidersinking apparatus to swork: in, wnd.as boing moro, 
“economical in construction, ‘A common, trossel ‘windlass 
“heing: placed: over onch hole, tho soil’ is thon simul- 
“Saneously removed by means: of tho jham, which is 0 largo: 
“hovel, ov more properly speaking, a phaora, which. is 
-_avoiked veither” by the: hand: at moderate depths; ox. by 
divers at. lovele. holow tho spring Water, ' a this there 4 is 
Ww ich. 
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hich-we. ‘alopted: ; tively 0 own: own, that ih: vos 
i Gasy to-insiruct. the. common ‘labouvers. of the country 
‘wouk!'the: jhams and to’ undersink the ‘blocks; as" it 
ould have been to break through the prejudices of tho 
rofessad woll-sinkers.-. ‘The ‘trade does: not. recognize 
indlassos; ebut-works ‘the rope. over-a pulley fixed on a: 
ipport altogethor detached from: the wall or block. By: 
ig arrangement, the weight of both men® and material, 
7ho meang an element tobe. lost sight-of in aiding: the’ 
spression of the masonry; is sacrificed... We, on thé:con= 
aly, in using. windlasses; brought the whole: superin- 
unbent weight to bea: upon the mass, with atthe. same: 
ine:a more economical application. of ‘the. ‘power, <The 
pin’ too. that: was used.on the aqueduct works; had a 
i¢ket attached: to the handle ond of the blade, which! 
eeived:the end: of 2 long-pole, by the aid of which: we: 
are enablad.to work the ‘machine to a: depth of 20 foot, : 
ithout the assistance of divers,-or men actually ‘in’ con- 
ot swith: tho. jam. . I-describe the system, as'it existed: 
tor’ much:.cxperiment, and a, groat deal of tedious 
quiry, the greator’ part of : which: took place ' proviously: 
mmy return from Mngland in 1848, To this tediousness: 

" oxporimont, “tho perfection at which the managetient 
“the undersinking arvived, is undoubtedly due'}"amd I 
slieve that.to Tioutenant ¥ule,.of.tha: Enginoors, andl ito 
x, Login, who was: afterwards: employed with:.-go: much 
rodlit to himself at the: Dhunowri works, wo: Axe, indebted 
x. results: which have beon most satisfactory,.: Tho 
ay'of undersinking the’ blocks* will be much: ’ bettor 
adexstood. by referring. to: Plate XXVIL- of'the Atias,- 
heets'b-and 6; where the work is. shown ‘in: progress, and 
here the detail of constriction of the: Driakelaping is alto 
chibited.: : 

‘With ‘the: somiovel: ° the sel 
sproision of: the , loo 












‘ort the: ‘inks ‘the 
Ut is necessary. that 
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this should be whiform ; and fo this. purpose, great ae 


tion is. required: fo’ seoing that: the four-holes ave. oquably. 


worked, and-that more soil is not talon from. ono holo 
than for anlother. : Where the soil upon which tho: block 
voste’ ‘varios “in. ‘quality, mitch judgment is. roquived: in 
working: the ‘holes corvespondingly with any. inequality. of 
depression that: may. aise: from. this...want of homogo-, 
* meousness: and, as it will bo. understood, much practice 





“was vequived before-we arrived at-thie perfoction to.avhich 
the latter’ :period .of our operations were charactorized,. 


“Asa guide to. the well-sinkers, strings and plummots 
“weye appended to. cach sidé of the block, so that a dopa 
ture from perpendiculanity. was easily dotected, Tn eason 
-owhen the simple means above. described wora inoperative 


- jn-obtaining the uniform depression, and frequontly when. 


‘the redtangular’ narrow blocks were undergoing. the pro- 


“coxs of -undevsinking, when the. departure from, the per. 
peridiewer Was very great, apparatus similar to that shown‘ 


“in fig, 2, Shoot No, 6, Plato XXVIII. was used. Hore a, - 


“strong framework with o wide platform ab its top, Was», 


fitted to the block, so as to obtain ‘tho most officiont. 


leverage. The shape. of tho platform admitted. of any, 
unotnt: of Load: go:-placed. as. to. roduico:tho movemont tip.” 


oguilibriun, ‘ox. to forces. tho sinking ofthe -blook. in the 
direction: that-was' domanded., This machino was of the 





‘although not required in the. larger. ;.- 


“grottest. possible use in the, amallor., class of blocks,’ : 


The whole of the blocks of. which, a im main boty of 








ora; ag well. as on: ‘somo’ of. hose which: Avera 
- appended to the wings, <The plan (Plate XXVIL, sheet 
“No. 4) exhibits this® remarkable “difference in-a very pro-: 





“ minetit degreo. “The: sinking of these: log: and: nom WV 
-ploeks: to the: depths that were contemplated faa i 
a a orteat theastve, a failure. a ! 
“The. blocks’ to which I refer sve ammbered in the 
~ plan—87; 88,51, 62, 58; 67, 68, 69, 88, -84,:85, 99, 
“100; 101, 115,.116;'117,. 181, 182, 188, 147):148,'149; 
/ 168, 164, ‘'165,'179, 180; 181,195, 196; 197,: O14; 212,’ 
218; 227, 298, 299, 248, 244, 245, 250 and: 260 ‘on 
: the ‘atp-, and 49, 50, 64, 65, 66, 80, 81, 82, 96; ‘97,:98, 
119; 118,:114, 128; 129, 180, 144, 146, 146,'160,'161, 
162,176, 177, 178, 192, 198,194, 208, 209, 210, QO4, 
995, 998, 240, 241, 242, 266,.'257, 258,271. and: 272 
ooh the downs stream ride 3 their dimensions an eae ae 





gp ori bicant ; 
20! 0" x6" X20", 
1B" x 01x20! 





that is: to say, it was intended tht they shout be sunk 
“to. depth ‘of 20 fect.-’ When the commenceiient: was 
: made ‘on: the’ undorsinking of these. blocks, . our men 
“Wwere’-well practised, and our éstablishment * was fully 
“dnetructed in’ all the.” ‘different requirenients:. for aimdei= 
. ‘sinking. “The experience -that:.we" had: gainied’ on’ the 
“equal: ~pided: block, ‘nevertheless, failed us altogether,” t 
“eam compare the ‘appearance of Jong lines. of. these blocks’ 
“when, -in' the course of -undevsinking, oY guttale’ to a-depth 
Of from 740 12 foot, to a set of drunken ther—~one’ block 
“loaning one’ vay, another another, : “Avith: an dechaional 
“division of” cocontricity in block: ‘goind down head fore- 
a most, The position’ Ww. oh ey. assumed; however, is: ‘well 
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aioe # in the: shbat of. plans. “Now, indopénilontly: of: the 
evil of this ‘hyogularity of doprossion, which. disarrangoil 
‘the ‘conseciitivo series, and, in’ many onsos, the’ closo 
seontact of the: Dlocks, which: was ono of tho first doside- 
“rata, we failed in’ the main ‘objoct: of. depth, which, 1s 
designed for the purpose of protecting the main body of 
the building, was indispensable... Aftoi' continning’® long 
‘Tino of ‘these’ voctangular blocks, without-any: hope of 
piiccess, aid at a cost that was frightful, from. tho im- 
“practicability of getting the masses to dink at all whon 
they were much out of the perpondioular, Mr. Tiogin 
proposed that.an experiment should: bo ‘mado with blocks 
having the same. area and shape at the top, bul. being 
wider at the bottom ;* making tho block, in fact, liko’ the 
- frustrum, of 2, wedge, two of tho sides boing perpendicular’. 
anid parallel to ench other, tho other two sloping: upwards,” 
Thsvas supposed that this breadth of base would votain: A. 
certain ‘amount of equilibrium, and that the oarth prossing. 
on the-sloping ‘sides would, by its own gravity, facilitate 
‘the’ depression of the block, Tho oxporhinont WAS BO: 
fox successful that oll the blocks remaining to’ bo 
built: wore constructed. on this design, and thoy sippomy 
to have been sunk to ‘their full dopth, and: without. 
ny ‘thé delays end-obstiuctions that attondod. tho 
rectangular blocks. ‘The. plang and ‘sections of tho. 
wedge-shaped: block will bé ead in tha plate nee 
referred to," 
The xesultof this failure in the curtain or apron. 
‘blocks -was: that the groater portion. of those:on the right 
of the river a‘e not,sunk to's grentor depth thant 14 foot, : 
f he: -dopiti- to which they havo boon carried i890, 
i did nob think-it-wise to: placo any dow. 
: om. ‘Lines ‘of' sheet pilings: theretoro;: 
hich these blocks were aubatitnted,: 
‘ont and rear} tho foxinon. at a 
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~ distance. of 16 foot, and the ‘Tabter. of .20 foot the inter- : 
_ mediate® space: betweon. the piling’ ‘and. the blocks. being. 
“filled: with: box-work, loaded ‘with : heavy material, and: 
“incloged on its surface’by slospers. The same species. of 

. protection, in fact, which’ has been’ given: to tho, bridges, : 
falls,’ ‘and revetments: on other’ parts -of the works. The: 
foundation: of the aqueduct, therefore, is protected ahow! 
dn. a:method. that was. not originally. contemplated, but: 
with a line ‘of demareation against the inroads of the, 
“torrent that must, q conaiden, secure: the work fem call, 
- danger, 4 
: Tho foundations of a wings wera,: ag I said efor i 
y altered, «in as. far-as both the’ position and size. of ‘the: 
blocks ‘wore concemed. ‘The original and he altered 
; engn are shown: below. at 
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The formes. gave an uniform and: cil iene for 
~ -putperstructure ‘to rest upon. : The latter, although ibdes 
“oneaded: the‘ expense, dopeived ‘the pupenstonoi, of oe 
ahove benefit. heeds i 
/ Beonomy, agin, ‘tea me. is aubstitute for tho blocks: 
© ay ay ay above noted, cylindrical wells ja change which, 
~with <that of the wing: blocks, may ‘possibly have: led: to:. 
“an inconvenience which ‘will horeatior be described, At. 
ny vate: both “ti 8 «fot ma, 1 tha original. desig. 
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have: naturally’ ed. to speculations. on, ‘their poniiln 
- merits, 

Tn -the« analy operations of block shiling ere care 
: yas: taken in. recordizig’ the progress of block sinking, 
oS Té- was foundthat on a number-of blocks the: avornga 
vate of sinking of cach: Acaetption: of Block i in-one > day, 


“wads 






Rate of sinking por aay. : 





Above 10 feet.in depth,” Helow 10 foot in apt, 


Size of Block. :. 
oa J 





Running foot, » ‘Renning oot, 
“16x21 0-789 0440 
19x 10' ; 0°784. 0°878 
». 20'* 8 : 0+628 “fo 0804, 
20' x 18’ + 04784, , Oded. 
vs 9 206 x 22! 0-679 of 0251. 
“20x22 0°688 : 








This does’ ‘not however; give. any, correct dex, 't 
rate of sinking of blocks’ throughout the svork, os ‘there 
“avo many and varying elements affecting both: progress 
and: cost, In Appendix O, an. intoresting paper dyewn 
up by Captain A. G. Goodwyn on this. subject, though” 
“nob. entirely complete; shows in. considorablo, dotail the 
operations. carried on. under his supervision, . With this 
-pnd Licutenant Yule’s rosults. before mo, I find that the 
“average rate for ench class’ of - block staking over the 
‘whole of the work, was— tilt. de 
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j made i in the canly part: of: the plod. building. It gave, t 
doubt nob). 'gdditional strength, both int bond and: ‘by 
oxygenation: of the metal, to. the cement.” Tis: -exponse, 
however, “wag: very heavy. . As ‘the: masomy; both. brick: 
“and “mértar,-was’ of a -vory superior: quality, I. discon- 
tinted its “use, on. the. strap “iron which we had:in: store 

being: expended. The mothod of ‘applying this ron’ in 
bond’ is“shown’ in: fig.’ 1, Sheet No;:-, Plate. XXVIL., 

together with the skew-biacks for the reception of: the 
‘arches by which the wndersinking holes, refilled with, 
tha ‘soil which had been’ proviously taken from ‘them, 
weu'e covered, before | anne the supérsirnchime upon 
them, 
“We “will now - sappose that the whole of the blocks: 
are stink to the fall depth, thet their undersinking holes. 
have been arched over, snd that preparations have bean 
“made for completing the floorings. ‘ 
cv. The: blocks; it will be observed. on. reference to the 
‘plan,’ were,’ previously to the commencement’ of. under 
“sinking;' pliged’ at: short: distances apart, 80 as to admi 
“of regularity: of depression, and to° avoid contact 
friction. with, each other’ in their progress ‘downwards: 
The distance ‘between’ the ‘Inge. class of blocks:did not 
exceed. 2’ 89; that. betweon"the emialler .ones,: 2’ WwW 
The ‘frst ‘thing ‘thet was done ‘before a. commencement 
was mado-to ‘the floorings, was: to drive piles 12: feat in: 
Jength,-so ag to fill up tho: spaces. that-existed between. 
the blocks, ». This was done merely on. the outer asides, . 
so that aw far as possible the extemal defences might be, 
continitous.. “The . distance of separation’ between’ these 
“"mastios of: masonry had in the progress of sinking. become: 
somewhat different to. what it was oxiginally designed ; 
Dut, whatever’ the. distance was at. this particular. pertod,. 

‘piles were driven 80 “28: to occupy. the ‘whole -space, On 
‘the -oompletion: of the pile. driving; which divided. tho: 

“MOL We die 
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“hot of the, fou ations into a novies of: tolerably com: 
“-paot. cnissons, the send and. earth wore oxoavated too 
‘depth of 8 fect, the spring-water. Deing ‘kept’: down by. 
baling.” Tho ’svholo. was. thon filled: in. with sxubblo 
‘masonty, carefully laid and. groutod, so that. the utmost 
compactness might. be atinined,:and tho ,wpper: surface 
“was: covered with & flooring of bricks laid edgeways.: : I 
consider’ that: the :wholo of this work: has boon, voy ~ 
effectively done, ‘and ‘the system adopted by the nasiatant 
engineerin charge of the building (Lieutenant Price), ‘of, 
laying the work in bits or small portions, so asto secure 
-an effective uge.of tho baling apparatus, enabled him. to 
lay in the masonry unimpoded. by spring-water, and, cons | 
‘sequently, to secure the moat perfect work, : 
'-- Duwiing the progress of the floorings, a work. bial” 
terminated during the season of 1858, a commencement 
wag made to the superstructuie, At this timo the ble Ics 
: had ‘many of them’ been sunk for. apwards of 5}. yours,” 
ospscinlly those in the tight abutment’ and its neiglibour- 
‘ing piers;. and ib was an object, therefore, to commence 
“the superstructure on that side, gradually working towardg 
the left, so that the whole of the. blocks might:hayo: thie 
‘adVantage of tho longest available time fox. sottloment,: 
ooh At this:period,. Tundertook, a careful revision of tho 
“details of the superstructure as. originally dosigned, ‘and,’ 
‘taking advantage. of the increase that had been: given to 
the width of tho abutment, I decreased tho rise. or yorsod 
-sine of the segmental arches, making: them -similay’to 
those which I had elsewhere adopted, viz., 60°, or ono-sixth 
of a circle, and reduced the thickness of the ‘archos from. 
5:to 4 feet... ‘This enabled mo to. give inoreasod watervay, 
“and to raise tho spring of tho arch to n height of 1245. 
feat ‘above. tho ‘bed of tho torrent, a very groatadvantago.. 
tothe capacity’of. the channel, as. well as. to, tho extomal 
“appearance of the elevation; Tho’ and:down: stream 
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: ends: of the: magomry: aqueduct connectad’ swith: thie: eanal ore 
channel, and--the abrupt transition fromthe masomy. 
flooring: of ‘the one to the-earthen flooring. of. the other,: : 
“was. algo ‘at this period a matter: of ‘much anxious con 
~pidoration.:.. Both at: the: point of. ingress, and egress of 
he: ourront upon the: floorings,'a certain amount. ofaction . - 
WRB, certain}: and this action could: only tend.to disarvange | 
‘ tha béd' in. immediate contact with the’ abutments. To*. | 
“prevent this, therefore; and £0 remove the cusvent ‘action - 
“to.a:distance, ‘aprons .of masonry:were placed’ in’ rear of 
‘the abutments,. so’ that: the: water could only act: within e 
‘cartain well-protectad limits, ‘The following: disgeam will - 
“sliow. the design: of: this portion of ‘the: work: me 





Diagram 150. 





“ being the: pet with their ahittment Bik: 
“on the, up-stream side, it will -b6 observed, has its block . 
“taised to aheight merely sufficient. to support. the arch,, 
‘whilat the down-stream: block-is clevated. My. object in.” 
this: atrangement was to offer. obstruction to: the: current 
ints onward movement, supposing that there should ba 
“jnoliniation to'excavate, and: to: form ‘holes, as might'be’ 
; expected ‘at these particular points awhere the force'of the. 
veurvont vas onwards’ as Well ad downwards. On'the up" 
stream: side, the action pene: cies u paitreny vemally 
"Wal adopted: M CoE ad 
The swing buildings wer. “caratall) os : 
‘detail, and, although. not. actually. intandled for the imme- 
diate. purpose. of: mills: or machinery,’ were “fitted: with 2 
: : AL a ; 
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pipes for asaaiesy. of avater-power, ‘Lhe design: in 
eluded, also, monsures for. donoting the high-wator mark 


both.of floods in the Solani and of tho canal supply, by 


apparatus placed. on tho flanks of the aqueduct, whilst the 
| Wwinga themselves were, crowned . by plain ‘podostals, ams 


a mounted by lions.:- 


© Pho -elavation ‘of the {cos of ‘tho work (with. the 


a ‘exception of: the -spandtils. boing pierced fox ventilation) 


remains: much tho gama as ib was formerly... 


“The plan that, I originally adopted. of building the 
suiperstructure in two. soparate lines, and of making tho 


“canal waterway. in, two soparato chennols, was maintained 


Y in, the- final revision. ‘The total width of tho worl: wag 
a 192 feet; tho piers, thorafore, wore raised in portions of 
‘96 foot in width cach, merely touching onch other and treo 


2 gettlement, of the foundations’ without | dinning, tho 
» whole’ avon “of tho- superstructure.” Gront facili ties war 
*glso given. to the construction of tho, archés, ns by tho 


som. brick bond. Thore were sundry aivantngos i in ‘this 


plaa, tho: greatest, of which was its acmitting of trregnlar 









* proposed plan the surface over whieh. sottlomont anight 
‘be expected:on removing tho conterings, was redneod: to. 
- one-half, whilst the quantity of’ ribs: and. apparatys for 
ae building tho arches wore reducod i inon cogual proportion, 


E In. having. two, channola for the. passage of ‘tha, ona 


“ water, moreover, wo -held- in. our handg tho; monng of: 


repair without fhe necessity of closing . the. canal, : : 
2 a {ns Laer admits of the closing. of 







. , Another. consideration that 
' 6, passage. over this aquedie 
2p eee that, oN AN. ontor 
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literal action ‘upon the side walls. oF “yevetments: which : 
inight, ‘endanger their’ stability, The” intervention’ of ¢ 
contrical wall “would” in. gent Liebe I ‘Imagined, 
tethedy this iiiconvenience Mes : 
'Te-will be observed: that at: aoa ‘ad of the’ binant 
“the waterway is divided by piers for the reception of 
aleeper-planks, which. can be dropped through” grooves. 
forined for their. reception. The ‘closing of the ends’ of 
one‘of these chambers prevents: the admission ‘of furthor 
water, ‘whilst ‘small ‘sluice ‘shutters connected with’ sido. 
channels” cartied’ through the" vevetments’ towards” the 
“escapes in the wing building, give facilities for ci ryiig. 
off the water which remains in the chamber after" ity: ends 
were closed. The chamber being thus laid diy, any 
“yopaix roquired tay be easily offected.. The piers’ above 
dexeribed give supports also for lines. of cross com 
intnication from one side of the aqueduct to the other 
obtoitied by the aleepor-planks, when not’ other 
od, being’ thrown from pier to pier. ; 
ne Bpancell wore Aled: in ae arose: walls, ag 























stats on the milan “hese taint holes. 
‘give trée ventilation’ to the wholo of the space coniiscted, 
with” the apandrils, swhich, by means of the rok ya" 
ab vO. noted,’ are siocossible i in all shir parts, °° 





; ] etiments, which ave 10 feet i in 
thy e aie: fomished | With’ single lines of ynilway in ‘con- 
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nostion with those which extond along tho embankmonta, 
The sidos of this rovolmont or roadway axo protected by 
ivon balustyades. 

Tho above, with tho Atlas pland, will onablo the 
reader to oblain a fair ostimato of tho design as it existod 
at tho period whon tho suporstracture was commenced, 
I shall now proceod to give an outline of progroas 
during its construction. 

On the complotion of tho piers to the tal hoight, 
including tho skowbacks or impost blocka on which the 
arches wero to rost, tho singlo lino of raihvay, which T 
have dosevibed and figured in diagram 188 as running 
from the Roorkeo brick-folds to the bridge, and from 
thence on an inclined plano to tho level of tho top of 
tho dutwaters, had beon gradually, and+as tho magomy 
had advanced to a suiliciont height, pushed across tho 
Solani to moct a similar lino which had been made 
branching off from the doublo xail on the Muhowur side. 
The completion, thorefore, of tho wp-stvenm oubwators, 
and, consequently, tho line of single railway, gavo us a 
connecting link botwoon tho brick-fiolds ab tho oxtromo 
ends of the aqueduct works, aud onablod us to concentrate 
all ow selected matorial for arch building on the fold of 
our operations. Tho railway to which 1 am now alluding, 
as connected with tho tops of the wp-slream entwaters, 
‘was carried across the 50 feet baya by tho interposition af 
two temporary piers in cach bay, tho width of cach belug 
B feet, and its height 10 foot. Hach 50 foot opening, 
tharefore, was divided into thraa bays of 14°66 foot in width 
each. “The rail was supported on timbors of 12 inches 
square, or of tho common gizo brought from the forests, 
lnid longitudinally across the pier-honds. Thero was by 
this svangenfent a freo, althongh somewhat intorupted. 


waterway for the torrent slong tho wholo line of tho 
work, 
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The matorial for cach arch was collected immediately 
on the spot where it was required. It was deposited on 
platforms arranged for its xeception in contac! with the 
railroad, as woll as on the tops of the piers themselves. 
The bricks wero of tho best sort procurable from our 
manufactories. They had been in progress of selection 
from tha early periods of our brickmaling, and, although 
many of them required cutting and squaring to adaph 
them to the particular purpose for which they were 
intended, they were without doubt of a first-rate quality, 

Before proceeding to a description of the arches and 
their contorings, I shall take the opportunity of detailing 
eyonls which had occurred at this period of the progress 
of tho work, that is to say, from the commencement of 
block-sinking wp to the ist of December, 1851, or the 
date when the first brick was laid in the arches, 

In January, 1848, when I rejoined the works, a coffer- 
dant or embankment had been thrown round the whole 
of the blocks which were in progress. This coffer-dam 
sucivcled the xight’ abutment and ils neighbouring piexs, 
and it was under the protection offered by this enclogure 
that dhe work was continued through the rains of 1848, 
and partly through thogo of the following year. When 
the rains of 1850 were approaching, tho progress that 
had been made on both flanks, in the vaising of the 
abutments, and in partly connecting them with the 
earthon aqueduct vovetments, made it necessary that we 
should endeavonr to resfrich the torrent to a course 
hounded by the abutments. There were no difficultios 
opposed to the measure, and the only danger that we 
incurred wes from tho imperfect slate of the earthen 
aquodual rovatmonts on the eft, which ab that period 


* Tr deseribing the aqueduct, it may be useful to note that T use 
the torms right” and left” with xefrance to the course of the 
Solani River. 
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Aver. very i completo, anil in euch a stato, that I con- 
sidered. if necessary. to. protect them from the. torrent, 
and from the action of wator in-its passing down tho river, 
‘At the commencement of tho rains of 1850, tho state 
of the works willbe understood: from tha following din 
gram, in which I have noted tho bunds: and..outs which 
‘were. made previously to: the. rains of that year: for: tho 
purpose of ‘Protecting tha, left flank and abutments; and 
of, making the xiver clear away the, coffer- dam, ‘ag well'ng 
the mountains of send that had been collected daring. the 
progres of block-sinking. te iia es 











oc RIGHT ABUT M ENT 


x Oe pa Ue y) 





“make the.aut A A: bearing upon the right flank; the coffer 
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the above ‘diggeaan ani from the: map in shies the vive 
works: avo figured, bord ad: this period directly itpon’ the rs 
loft-flank and’ ‘upon the roar of the abutment. "There was. 
- a considerable bend in this’ course on the appronch of tho. 
ulver to the works, and advantage was taken of this beiid-to. 





dam having*beon cit through on: both-sides, The heap 
of sand: fignred ‘above’ between ‘the coffer-dam and” th 
loft abutmont ‘wore eased off 0 as‘to give passage 10 thi 
», Watar ;"and the left abutinentt itself; with its half-& ik 
vovetménts, which jive. shown by thick dots; wast 
by a strougly built embankment and ‘spur, As this ‘wa 
the fivst yor that the torent had been required 1 to ‘pass. 
through ctu avtificial boundaries, ‘its “conduct (taking 
overything into consideration) was not so capricious. 29° 
“Mb might have been. On the bth of August, 1850,:in >. 
“-reponting the: offects of the floods upon the Ganges Canal. =. 
* works; I observed that the results of the floods ab the : 
~ Boldni River have been of oxeaeding interest. Both’ 
tho’ abutments of tho aqueduct: through: which the, pase! 
‘ang of tho viver has been offectod, had been counpleted tO": 
“th: Bufficiont height, aid, ‘although the veveiments. on: “the © 
“wight: and ‘loft wore not. outively finished .at’ the com. 
mencomont: of the rains of 1850, embankments and other: 
--proboctive works wore ‘80 arranged, that the whole of ‘the: 
floods anlght: pase through. the sia ii of the mony : 




















eee A dofter: ‘dam had been thioy ind itis Bix “open: 
fag and: piors: on: tho. ‘right: flank,’go" that during the: 
_-yainy songons provions'to 1850, work might } po cmitied’on, 
* tndependontly of: tloods,.” The abjeat. now.was-to. get rid 
“of this coffar-dam os. well-.as of the ‘mountains of sand: 
“that had been. collected: from the undersinking: anid ox. 
cavation for tho masonry. foundation: blocks. "Th: was 
‘dotorminsd,- therefore, aarly floods ‘of: 1860. 
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‘ should ba tho powor omployed for obtaining this vory 
dosirable result, and tho oxecutive ongincor’s attontion 
was divected to such awangemonts as would lond the 
water through a chaunol propared for ils recaplion aross 
the coffer-dam, and impinging on the right abutmont of 
the work; it was also determined that the main body of 
the floods should be confined to half the full oxtent of 
the waterway, or to soven of tho bays or oponings of 
50 feot in width ench, ay shown by tho abovo dingram.” 
Tn tho same report I stato that “tho above works 
have been most succossful; onormous guantities of tho 
collectod rubbish havo boou swopt away, and the whole 
river now, inslead of bearing on its old coursa ‘upon, or 
rather through, the loft abutment, passes ovor tho site of 
the coffor-dam, and through tho pioxs, which on that sido 
have been completed.” Tho engincor in charge of the 
works reported that during the time whou tha floods 
which effected this clearanco woo rmming, and whilst 
the water was coufined to three bays, thoro was ag much 
as 12 inches of fall on the longth of the piers (192 teal), 
but as the obstruction of sand gradually diminishod it 
became level. Tho water voso on tho piors to a hojght 
of 7 feet 4 inchos abovo the flooring, falling ovor the 
sides in a hosvy cascade, Subsoquont to tho dato abavo 
referred to, and during tho month of August, 1880, a 
suecassion of floods gavo somo trouble, ‘ho ombankment 
on tho loft, marked BB, diagram 161, was washoil away ; 
and the water, by getting in roar of tho abuimont, and 
amongst tho unfinished ond half-sunken blocks of tho 
rovoiments, did somo damago and caused o slight sottle- 
ment to the loli up-stroenm wing of tho abulmont. In 
reporting the effects af these iloods, 1 vomark, * that, as 
the blooks which have boen disarranged, and the con. 
sequent cvack that has taken place on tho superstructure, 
are quite independent of the body of tho aqueduct aud of 
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the abutment upon which the archos will rost, the injury 
is of no consequonce to the work, although additional 
outlay will be requirod to restore mattors 1o their former 
condition. I may further oxplain that on this, tho loft 
sido of the aqueduct, neither floorings nor curtain blocks 
have heen completed, so that the current in its progross 
was able to exert its full action. The absenca of con- 
necting walla from the revetment to the abutment flank, 
permitted the floods to get behind the abutment, an evil 
that I had tried to prevent, Nevertholess, taking every- 
thing into consideration, the damage done is loss than 
might have been expected.” Tho following diagram 
shows the direction of tho current, and its method of 
action when it came in contact with the masonty:— 


Diagram 152. 
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ab. Grack on the wing, 





Tho shaded portion represents tho abutment which is 
contested with tho skew-backs and arches ofthe building, 

The ovack was dependent on tho oxcavation x, and 
the declination of the wall from the perpendicular was 
125 inches af its maximum point. Tt was nob oot 
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sidered necessary to remove the building which had at 
that time been carried to a height of 10 feet, but the 
hole excavated at w was filled in with heavy material, 
strengthened by piling, and all other means were taken 
to remedy the defect, as well as to prevent any further 
continuation of settlement. The rains, which usually 
terminate in September, did no further damage. The 
good that they had done on the opposite flank in clearing 
away the coffer-dam, and in removing the sand, was in- 
calculable. On the whole, and considering the extent of the 
floods during 1850, we escaped with very moderate injury. 

The cold-weather rains of 1850-51 were unusually 
severe, but the floods that came down the river at this 
period passed off without any damage worthy of notice. 

The rains of 1851 brought down numerous floods, 
and tried the aqueduct at a period when the flanks, the 
intermediate piers, and the greater part of the floorings, 
were completed. From this year may be dated the 
passage of the Solani through the bays of the aqueduct, 
and when the masonry works in connection with the 
torrent were prepared for its xeception, the maximum 
high water during the heaviest flood of this year stood 
6 feet on the piers; this season passed off without any 
disarrangement to the works. 

On tho Ist of December, 1851, the building of the 
arches commenced, and they were cartied on without 
interruption until the 4th of July, 1858, when the last 
arch was keyed. 

Tt was my intention at the period when the aqtieduct 
wag designed, to have used earthen centerings, which 
have the merit of cheapness and simplicity, combined’ 
with other attributes, which’ in my idea vendered theit 
use at this point very desirable. The results, however, 
of using centerings of this description on the lind of 
cénal helow’ Roorkes, in building archés of 55 feet apan, 
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woro datidedly opposed to their introduction on the aque- 
duct, where, although the span wag loss in width, the 
thiclnoss and consequent woight of tho arch wore greator. 
T havo in the chapter on Bridges, whon describing tho 
diffovont spocies of conterings which have beon usod on 
the works, ontered fullyinto the causes which led mo to 
reject these simple centerings at tho Solani Aqueduet, 
As I had failed altogetler in devising any satisfactory 
oxpedient by which I might preserve the form of the 
arch, and at the same time escape from a direct rigidity 
of centering, I determined on resorting to the European 
mothod of timber ribs, and with this object Captain 
Goodwyn, of the Enginoers, the oxecutivo engineer ab 
Roorkeo, commenced a series of experiments for tho 
purpose of determining tho best sort of frame that could 
be mado, at the smallest cost, and with the least injury 
to tho timber that it would bo necessary to out up for 
the purposo, It was our object, as far as possiblo, to 
take advantage of the species of sawn-up wood that was 
for sala in tho market, and ab the same time: that wa 
sequred efficiency 10 obtain a spacics of cantoring thet 
would intorforo ag lille as possiblo with tho watorway, 
and be quickly and oasily removed, 

Tho results of Captain Goodwyn’s exporimonts led to 
the adoption of a specios of centerings which J shall 
describo presently, and to a method of limiting their 
number, by building the arches in detail, which, both 
ag rogarda economy in the construction of the work, 
and convoniences for passing off floods dwing tho 
operations, was of the grontost value. Tho plan that 
Captain Goodwyn proposed was, thet, by convorting 
cortain bays into abutmonts, the archos might be tuned 
in a series of independent works, for which only a limited 
number of centoxings would bo requixed, By adopting thix 
method, we should be ablo to haye threo-fifths of the 
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queduct always ‘open: for the. pa age “of 
a sy vy confining or arch- work within moderate * 
limits we should be better able to economize ouy mein 
Sand" out ‘material. ~The proposition \ wad an excellent ons, 

and it has been: adopted with: all the succosé that could , 
“have been’ anticipated... The axch-building;’ ns: will, be.’ 
mnderstood. by the following “dingram, consisted of sight ‘ 
independent § series of triple arches, resting of temporary. 
abutments,. formed by. building’ walls “across the bay: 
adapted ‘to: the ultimate support of. the conterings, the. 
spaces between the cross walls being filled i in with sind, 


Diagram 158, 
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divislen shove snallohed ‘each ‘Be ; = conneied ‘$nilo-' 
pendently of its neighbour, Fro the: ‘circumstance of 
‘the aqueduct on its’fall width of 192 feet being’ divided 
into separate portions of 96 feet éach, ‘the whole. work, 
ved itself into an Up- Fi enn ou a down-stream Tine, 








i rors, “During + the etod: therefore, that the 
the arches was? in. Progress, nine od of the 
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The constuction of the archos in the series above 
noted, commoneing on the right down-siream sido, was 
dopendent on fasilitios for obtaining material which that 
plan preservod over tho othe: which was opon {o us, of 
comploting cach bay on its full longth. Tho plan adopted 
algo gava us at an carlior poviod a communication across 
the aquoduet, 

The above arrangement having been detormined on, 
the quantity of woodwork roquired was limited to that Lor 
dhueo bays, conch of which was 50 feot in width and 06 fect 
Jong. Captain Goodwyn, in making his report to me 
on the conclusion of his oxperiments, and after having 
put his conterings in practice, writes thus — 

« Aftor it had beon decided that the aqueduct should 
be axchod from shoro to shove in two half widths of 96 feet 
cach, tho distance at which the ribs of the eenterings 
should stand from each other was regulated by tho 
svantling of the ‘ Brinjari keri,’ which, for the support 
of an avah 4 feet thick, pormitted those ribs to be distant 
from oach other 6 foo from centro 10 contro, without 
itsolf sufforing approciable dofloction. 

“Tn designing tho ribs, having in viow tha oxprossed 
wish of the director of the works, in which T fully con~ 
curred, that the centres should bo struck immediately on 
tho archos boing keyed, and whilst tha masonry waa og 
fresh as possible, a continuous tie-boam, TT, fig. 1, the 
upper surface of which reprosontod the springing lina of 
tha archag, appenrad to afford grontor facilities for vegu- 
Inting tho striking, as woll ag the adjustment of the 
conives before commencing tho archwork, than support> 
ing the heaving pieces, BB, at onco from tho flooring. 
To make a tio-beam 50 feet in length, however, two 
searfs, 8 8, wore indisponsablo, owing to the short length 
of timber availeblo; and this, with the advantage of 
giving tho bearovs, BB, as many trussed points as pos- 
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sible, thereby stiffening the framing and rendering timber 
of comparatively small scantling available, induced me 
to give the tie-beams five points of support, as the most 
economical arrangement. 

“ Having these fixed points Tet’t and 'T, four stable 
intermediate fixed points, B B BB, immediately resulted ; 
and the lower surface of the pieces BB BB was divided 
into eight equal bearings. Lines drawn from K to ¢ 
gave the direction of the radiating supports of the 
bearers, and where these lines intersected the lower 
surface of the tie-beam were fixed the points t t, where the 
supports from the flooring could be most advantageously 
applied. 

‘No centre can be said to be well designed which is 
subject: to change of shape whilst being loaded, Had 
T KL been in one piece, the weight of the arch masonry 
in progress from the sides of the arch towards the centre, 
as it approached K, would have raised up the end L, dis- 
arranging the dressed surface prepared for the intrados of 
the arch, The pieces BB were therefore unconnected 
at K, though touching, At L, aspace of 8 inches was left 
between the bearers, thereby allowing the tie-beam Ti’ T, 
to be deflected when necessary 4} inches in the centre, 
the points T T being still fixed, without the ends of the 
beavers BB coming in contactat L. It was not supposed 
that the arches would sink as much as 4} inches on the 
centres being struck; had they done so, however, and had 
more room for lowering been required, it could have been” 
obtained after lowering the points T, which wore sup- 
ported by wedges, with this object in view. 

The supports for the points Ttt’tT are shown in 
fig, 2. They consist of rough beams dressed on their 
outer surfaces parallel to each other, and of such lengths 
between the limits of 22 and 28 feet as our stock afforded. 
These parallel beams wero united by three perpendicular 
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onos, PPP, of strength ealoulated sufficient Lo resist tho 
downward prossuve at the points Ty and ¢’, and the intor- 
modinte poinis belween P PP wero trussed by the 
diagonal braces D, onch pair of which was of tho samo 
aggveente strongth as tle vorticnl piocos P. Tho whole 
frame was then bolted together by four wrought-iron 
suspension-rods, as shown ab 7 aa, and hocame very 
atrong and compact. 

«Twenty such frames axe required for the centering 
of cach half width of arch (96 fect), They aro vory 
massive, but notwithstanding this, they have never heen 
inken to pieces after having ones been put together, and 
aro moved bodily in a vortical position, by a simple con- 
trivance which I will dosexibe. 

‘Pairs of wheels with axles and poles were fitled 
with upright pieces of timbor, fig. 2, set perpeudicularly 
on the axloy, about 6 inches from theiy middle. These 
uprights ave kopl in position by wooden braces ov 
shores, 6, the lower onds of which are fixed on to the 
oxle-trogs, and by iron hracos t, fixed foro and alt, on to 
tho poles, Tho poles wore kopt rigid in an horizontal 
dizection af the point of atiachmont to tho axlo-troos by 
similar horizontal iron braces at two opposite right angles 
formed by tho crossing of the poles with tho axlos, thereby 
leaving room for tho carriages 10 he backed or drawn close 
up to thoiy work, which, if four such braces wore given, 
could not be dono, The adaptation of levors on tho tops 
of the uprights 2, will be understood by inspection of 
tho diagram, fig. 2 

«When it is desived to raise tho frames, which if 
must be remembored have beon left in a vertionl position 
- after the removal of the curved ribs, the lovers 7 avo rained 
by means of the handles h, and their short ends avo, in 
the caso of the leading carviago, brouglt, under the onds 
of the frames ¢, by the carringes being backed. The 
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uptight pieces #, having been brought in contact with the 
end pieces P of the frames, the handles & are drawn 
* down, and the frame is lifted fairly off the ground and 
hangs suspended from a small spike at the end of the 
jever 1, which sorves ‘as a pivot. The uprights w are thon 
lashed to the pieces P (the levers and poles having beon 
previously lashed, as shown in the diagram), and the 
machine is ready for travelling. In the caso of tho rear 
carriage, it is evident that the end of the levers 2 cannot 
be got under the end of the frame ¢; this obliges tis to 
use a crowbar at right angles to the lever J, giving a 
cross lever. 

“The fore-wheels will now turn in one direction, and 
act like the fore-wheels of a carriage. The head of the 
machine can be turned from right to left, which is all we 
require, and the whole runs over the masénry floor of the 
aqueduct with great ease, carvying its load in a vertical 
position, and depositing it in the same position on its 
new site; after which it is prevented toppling over by 
five-yard kurries, set across each other as diagonal braces, 
and lashed at their centres, 

“ Above these supporting frames thus arranged, and 
aglwide of them, are laid pieces of timber 8’ x1’« 5”, cece, 
fig. 1. In the case of tho central point ¢’, where the 
amount of lowering necessary to clear the centres from 
the arch is greatest, and whore powerful screws 8 inches 
in diameter with a pitch of one-third of an inch working 
in brags boxes, are used blocks of wood, w 2, sufficiontly 
distant from each other to admit the screws being inserted 
when necessary, ave set, bearing upon tho tie-beams, By 
keeping the screws away until they are wanted, .visk of 
thoft is obviated, and they ‘are proserved from injury by 
dripping of.water on thom whilst the masonry ig in pro. 
gross. Under the lateral points T'T, however, pairs of 
wedges are inserted, and, as the woight borne by them is 
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vory considerable, the projection of the pieces ¢¢ on cach 
side is yaluablo, ag affording the means of applying as 
many pairs of wedges as may bo required ; theroby losson- 
ing friction on each, which renders it difficult sometimes 
to slart a singlo paix, ospocially whon thoi ends aro 
bruiged, 

“ After the complotion of tho masonry, tho serows aro 
inserted and are sorowod up, thoir heads working on 
wads of steel, until the blocks w w can be struck out. 
A simplo kind of gaugo is appliod to oach of the points 
tt and 4, ond tho operation of striking is’ then com- 
menced. Corresponding points in adjacent vibs are never 
allowod to’ differ in level more than one-twelfth of an 
inch, oqual to » quarter tum of the screws from cach 
other. Throo intelligont mon axo required to suporintond 
the lowering of oach sot of contres, and I profor having 
an acknowledged difference of levol of one-twelfth of 
an inch botweon adjacent corresponding points, to tho 
groator, though madknowledgod, difference that would 
rogult if a crowd of people, sufficient to man cach point, 
wore turned on to tho work, fow of whom would have 
eyod equal to tho measuramont of a twelfth of an inch, 
aven if they had ideas of what it was, or what ‘was 
vequired of thom.” 

T have proforred an introduction of Captain Goodwyn’s 
own account of tho process that was carried on, as, with 
the appended drawings, nothing will bo lofi for further 
oxplanation, The modifications that experience showed 
to bo necessary were comparatively trifling, and hardly 
worthy of record. IL will bo seon by tho table of dates 
at which the series of arches wero begun and completed, 
that practi¢o rondored the transportation of the centoring 
from one place to anothoy, their fixing, and propara- 
tion, fox the arch, a simplo*and therefore a speedy 
oporation. « ‘ 

KEKQ 
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ante showing Dates at which the Arches appertaining to the different 
series noted in diagram 158, were commenced and completed, 




















ees a Buca * Whimibor of Daye a 
‘amber 1 ato of j e heir 
of Series, Commencement, Date of Completion. OO a aamaction. 
1 Jat Dec. 1851. { 8let Dec. 1851. 81 
2 9th Feb, 1852, | 29th Feb, 1852, 21 
8 12th April ,, 80th Ail ,, 19 
4 19th June ,, llth daly, 28 
5 18th Deo, 2nd Jan, 1853. 21 
8 Qist Reb. 1858. | LOth March 1853, 18 
7 18th April ,, 80th April ,, 18 
8 21st May ,, 5th June, 16 
Asuntont Bays. 
| itth May, 18521 4th June, 1852, 19 
8 19 
12 | et July, 1852. | 9th August, 1852, 20 
19 15th June, 1858. | 4th July, 1858, 
28 n ” 
27 ” » 





Although my great object in using timber contorings 
was to avoid the separation of the bricks in voussoiy at 
the haunches, an evil which was so conspicuously brought © 
to my notice wherever earthen conterings had been used, 
we have not escaped from this defect in the aqueduct, 
Tt is a temarkable fact that this separation, small ond 
insignificant as it veally is, has invariably taken place nt 
the same distance from the skewbacks as I have in’ a 
former chapter described as universally occurring in the 
bridge arches. For instence, tho engineer reported that 
“during the building of No. 1, end when the masonry 
had reached to a distance of 5 feet from the abutment, a 
very fine hair orack or separation on the lino of youssoir 
took place about 1 foot from the impost block.” This 
appeared to be universal, and must, I suppose, havo ayison 
fiém the yielding of the Brinjarvi kumriog on the ribs. I 
believe that the arches in the first sories separated more 
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than any of tho othors; but oven horo, although apparent 
whon carofully oxamining the freo of the arch, and tho 
courses of buick of which it was composed, the soparation 
would nob bo yocognizod by an indifforont obsorvor, 
Numorous oxporimonts wore made in which tho reliof to 
tho contoriig was givon both from the sides and contro 
sinwultencoudly, from the contre alone, and from the 
sides alone. Wo ondeoavourod, in fact, to detect the 
mothod by which tho material of tho arch in its greon or 
moist stale might settle down uniformly, without concon- 
ivaling action on any particular point. Tho resulig of 
all appearcd to bo the same, and I, therofore, conclude 
that those haunch separations aro almost inovitable in 
arches built on conterings composed of materials which 
avo compressible by tho woighit of the arch prior to key- 
ing. Tho romody that was adopted here was tho same as 
that dosovibod in the chapter on Bridges and figured in 
diagram 112. 

Tn the archos, as I have bofore sald, the bost specios 
of brick which was procurable from the Roorkes and 
Muhowar monulactories, soleclod for tho ospocial purposa, 
and when uecessary cul and squared, was used, The 
brioklaying was camiod on with the groatost possible care 
under tho constant supervision of the engincor in charge. 
Abtindanco of water was ab hand, evory mason having a 
tub ot his olbow, and the smallest possible quantity of 
mortay was used, When the arch, which was commenced 
from onch skewback towards the crown, was comploted 
_ to within two courses of tho keying, the sidos were 
wodged homo by tho introduction of lines of plonking, 
go that tho masonry with its cemont seams was tightened 
to the utmost; tho koying courses were then applied with 
tho hardost brick duivon in with mallets. 

The centering wos lowered carly on tho morning after 
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the arch was keyed; and immediately the tibs woro 
removed, or seven or eight days aftorwards, cach arch 
Was examined and its settlement rocorded in a table, 
(vide volume of tables, Appendix P), Tho actual de- 
pression of each arch at the number of points noted in 
the diagram was shown by referring to a fixed bench- 
mark on the work, and entirely detached from the avches, 
An abstract from the table above roferred to shows 
that the following mean depressions resulted on tho 
removal of the centerings of the different arches ;—~ 


























Number |_” Mean Depression, Number Mean Deprossion, 
of Arch, preanchos, Crown, |] F Arch, Taunchies, Crown, 
eee ope a Sa Rae e 
Feet, Peet. Feat, Feet, 
1 0° 1006 0°1905° 16 | 0-0990 0'1875 
2 00055 0°1940 17 0°0880 0°1975 
8 0°1605 0*2710 18 0°1060 ,0°2885 
4 00082 0°1785 19 0°0882 01825 
5 0+1185 0°1950 20 0'0265 0°1185 
G | 01552 | 0-2475 21 | 0:0272 0°1185 
7 | 0-2115 | 0+8180 22 | 00457 0°1855 
8 0:0965 0°1650 28 00873 01609 
9 0-0870 0*1445 24 0°0887 , 01460 
10 0--0895 01895 25 0+0620 0'1060 
It 0°1029 0*1987 26 0*1067 0°1708 
12 0:0760 01290 27 0+0620 0.1840 
13 00502 0°1290 - 28 0:0790 01550 
14 0:0765 0+1419 29 0-0601 01385 
15 00882 0+1580 80 00485 0+1305 
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The arches wete not allowed to be touched by super. 
structure until a period of gix months had olapsed from 
the date of their being keyed. 

During the construction of the arches, which, it will be 
understood from diagram 158, was carried progressively 
from No. 1 to No, 80, the spandzil walls with thoi 
superflooring advanced with an equal regularity of pto- 


* gression ; the one’ being gix months in advance of the 
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other, Immodiately the flooring was completed across 
tho aqueduct from one abutment «to the other, the yail- 
vonds which I have previously deseribed a8 haying beon 
gvadually worked inwards, from Muhownr on tho north 
aud from Roorkee on tho south, were connected by a 
line laid npon tho flooring. At this poriod, tlicrefore, 
we had a high lino of railroad vmuning on tho level of 
tho canal bed trom the Pecran Kulleour digging and tho 
Muhowur brick manuiactories, to those at Roorkeo, 
togathor with a single lino, which, on the lowor levels of 
the eutwator hoads, was connected to the upper ones by 
inclined planes. The lattor was at this period of pro- 
gross a very convenicut siding for waggons used in tha 
cntriage of material, 

Tho probability of settlemont occurring during the 
raising of the superstructure was naturally a circumstance 
of considerable auxioly. On such an oxtonded aron of 
foundations, connected with soils of various descriptions, 
it was hardly to bo expocted that wo should ontiroly 
oseape from « contingonsy which, although not likely to 
bo of serious importance, might load to disarrangemonts 
oven during the progress of construction. In tho plan 
of aeparating the building into two masses, and Ute canal 
waterway into two channels, wo had as for as thoy wore 
condorned anticipated tho probabilities of seltloment ; 
wo wore, therefore, nob totally unprepared for ity’ ocour- 
yenoo, Haxly in 1852, whon the xight abutmont had 
hoon Jondod with the fixst serios of arches, a crack quite 
indopondont of the main’ body of the building showod 
iisolf longitudinally through tho wing which is marked as , 
No. 1, in dipgvam 158, This crack commenced on the 
arch of the wasto ohannol which was connected with 
the interior of the wing. It van back about helf way 
through the building, terminating on the eseapo channel 
arch which was situated nearest to it, The direction of 








: On ‘the line taked up byt the abs, the rads bo hin. 

--sub= and euper- structure, was clenily the weakest, Beyond: 
‘the: points no signs: of/dislocation ‘existed ; the wing: 
superstructure, howevor,. in. the ‘neighbourhood ofthe, 

- widow w," showed hair cracks, “as. ave represented in” 














din fig. 2 the position of the evacks which showed: a 





0 , frog: of ‘any 5 sort: of. disarrangement os 





At the same time a slight sétilemont took place. 
he adjoining - quadvant,. or terminating xevetmont: of: 
embankments, on “which. the ‘steps -connecting ithe: 
d low levels. wore in. progress of building, < Chiave: 


ives on is.portion-of thebuilding, ..On the front: 
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“ould” be detected, ‘but thero. wore certain appentaness on. 
sthe flooring of the water channel in immediate conection 
with the crack that led me to: imagine that the whole - 
front on 2,0, ¢, togothor with. the .quadvant itself, had 
«slightly settled forward, that is to say, thet the. moss of 
: building on that side had separated itsolf from the main 
boty of the aqueduct. Ib appeared to mo that the blocks 
‘mumbered 22 and 28 had settled down towards the front, 
as tho flooring on their side next. to the crack.x. was.” 
. Blightly elevated. The sottlement,. however, was BO. ° 
“exceedingly: slight that the uso of the “plumb-line was: 
ingufficint to detect any deviation. from the porpen-.. 
diculey, Tn fact, the flooring at 2 on the: block side 
being somewhat raised or holed up, seemed to be 
-gondltisive that the sottlement had taken place on the. ' 
side towards the foot of. the building cc. The. blocks. 
Nog. 23 and 25 had merely tho weight ‘of the ospla- 
Made and the angle of ‘the building upon them, and, this 
weight would, not alone, I imagine, have “led to. the 






he: quadvant wall foundations wore “oniginally do-' 
signed by mo ‘in blocks similar: to thoso: on the body of 
tho: aqueduct, “Economy led mo to adopt circular wells, 
as shbwi in tho diaginn, Upon thoso oivéulad wolls the: 
superstructure undoubtedly prosses: inragularly, that ito; 
‘soy; the vertical’ pressure of thas portion of the ‘mason 
forming thé’ segment of &'civele of which: the lino ta 
otinl 40 two. wolls is’ tho . ‘chord, falls beyond: the: fow : 
toda 'Whethot this eau be admitted ‘as an avil ‘sufficient. 
to: lead” ‘to integularity of settlement, ‘I am not’ ‘prepared. 
to: way, ‘although, :from the tonacity of the masonry, aid 
ftom’ the- contpactness of form. “with which: it ig. put 
: together,’ T should: very much doubt it. Ab tho period, ~ 
“however; iwhen these defects: were ‘observed, the ‘quadrant ath 
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2 ‘especially’ was: in ar 7‘ wiprotected take Tis GONnVOX. 
front was laid. ‘pare to a great depth'to admit of. the front, 
“apron. being built, and. earth had. been by some oversight - 
. of-other thrown, upon | the concave. sido... There appeared : 
s £0. me in either. cage, -whether™ in ‘that of the wing or in 
“thas of “the quadrant, to° be: no doubt: whatever that: a, 
“slight settlement had taken place tothe ‘wells and. blocks. 
») The position of and the abriipt. determination “of the 
ovack on the wing, eft the whole question, however, VOLy. - 
‘much in doubt: The point was inquired, into, and: tho . 
state of the building was most carefully examined by 
the engineers, both European: and. native, who. werd: : 
employed, and- who, from, having. superintended the 
“construction and sinking of the blocks. theniéelves, were.” 
well acquainted: swith the’ work in all -its dotadlg. «Tt 
is possible that,.had the foundations: consisted. of an -- 
uniform series. extending over thé whole, stuxfncs the. 
weight of the superstructure would have hands a ‘4 
_ equable bearing upon the blocks, « The blogks numbe; 
“24, 26,-27, as it will be seen. from the diagram 
comparatively small, and, being of the size whigh piactice, a 
_ showed .to be the. most unmanageable in. “sinking, had: 
hecome considerably disarranged, especially No: 26, which: ° 
‘had. got altogether out.of the line, : Nos, 24 and 26-were. : | 
“covered by the apron which I have. described: and. figured.” 
in diagram, 150. » This-pavt of. the wing, therefore, which © 
would otherwise have been in divect connection with tho: 
Yoanal. channel, was. well and efficiently covered, ” 
»ndvance;, however,’ Nos, 28 and “80 were. exposed, 
therefore, to protect this exposed point, and atthe, “ian not 
time to, sty engthen the wings.as.much ag possible on, tho: 
‘éonal side,. carried, into mumediate effect the: construction: ‘ 
ofa further guard. or protective apron against: the. action - 
ater in the canal. channel When, incon oe 
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tho wings, The work: done: ab this time will ps undotstood 
« from: the iollowing: inca ES es 


: © Diagram 166. 
SEOTION. heat 
















REVETMENT 








phe above. phows'a aastion aAovoss - the; aiuedlibt; ‘abut. 
went -and ‘apron’ @ @, over which tho canal ‘current passes 
pproneh to ding departure from. the ‘imasonry building. 
ae shows i continuation of the: apvon Ga: avhtich was 
oxignod : ‘ab the same timo, bub which was omitted ag'an 
i xpousivo ‘appendage, and under tho idea that it might 
@ disyensed’ with. ‘Tho ‘action, however;-of. the -settle- 
: abovo désoribed. rendered it: indispensable that 20 
“protective ‘thenns shovild bo loft unresorted to for: adding 
strength atid: wwatorlightness: to this part: of the atrucitre, 
: horefoie, of following out, the originel dosign:-of 
4 tending We, ce ‘of hora: hy the dots in figs ‘Ty f 
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laid down a stratum of the hast’ clay procurable, at tho 
angle near the wings, giving a covering of rubble masonry, 
go as to prevent any probability of tho downward action 
of water affecting it, The shaded portion of the above 
diagram will show in section and plan the work that has 
been done. Its main object was to prevent tho water 
which stands on the high levels from acting injuriously 
by downward pressure upon the floorings of the wing 
buildings. 

As fay ag the above went, very great additional 
security had been given to the canal channel sido of the 
wing buildings. I had now to advert to the opposite or 
country side, where, as in the case of No. 1 wing, a 
settlement forward was to be guarded against, Tho 
front of all this work waa in process of being piled and 
protected by boxes filled with heavy material, A few of 
the piles had been driven, and these piles came into uso. 
as adding strength to “the work which I -proposed to 
substitute for the boxwork on tho wings. ‘The new 
species of protection will be shown by the following 
diagram, the boxwork apron as originally planned being 
represented by dots :—~ 


Diagram 157, 
SONPASS OF COUNTRY £ SV gl of EOPLANAgn | 
LLL ZZ LL ag piBie hy A 





The lavge quantity of broken or vitrified brick and 
refuse material which was collected at the brick-fields and 
in-the neighbourhood -of the works, enabled me to carry 
on this with great facility, and sammparsiavely ‘with great 
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cheapness, Lines of 8 foot onbes built of rubble masonry 
wore laid in contact with and along the whole lino of 
wing ond quadrant, and ag much material of thie doserip- 
tion as could be obtained was added, so ag to give woilght 
. and solidity to the whole, Over this, a masonry apron in 
the form above described was thrown, tho arch bearing 
with ite full weight on tho front CO, and upon the 
convex. fred of the quadrant. This arch resteil on a vory 
massive abutment A, builb of rubble work, which was 
allowed to dry heforo the arch was constructed, It will 
be seen by the shadod parts of the above diagram, that 
the whole of this protective apron is covored by tho 
turfed esplanade which meets that of the masonry wing. 
With tho oxcoption of iron bonds which wore used whon 
raising the superstructure of tho wing above the lovel to 
which it had reached before the cracks were pbsorved, no 
other mensuves were taken ; and it is supposed that what 
has boen done will placa tho building out of the roach of 
further disarrangemont, To counteract any inrogularity 
in the sinking of the wolls upon which the quadrants avo 
builé and (what apponved to mo not. at all unlikely) the 
probability of tho sinking of tho supoxstructuro of that 
portion of the building affecting the wing ilself, tho 
quadvant is, although cartiod up to tho wing wall, and in 
the closogt contact with it, built ontively separate, that is 
40 say, betweon tho wing and the quadrant there is no 
bond in the brickwork: By this. arrangoment, action of 
sottlemont on the quadrant will affect that part of the 
work alone, aud not involve in its disarrangement that of 
the wing. . 

A shorb timo after the fifth sories of archos wore 
yelioved from thoir centerings, a slight sottlomont (of tho 
substructure I imagine) of that part of the building must 
have taken place. Tho action was shown by the atches 
coming in contac with those of No, 4 series on the 






hire they had eon built half an. 
‘ot the smallest brace, however, of oxaele 








“of the: ‘piers by ‘the pluni )-line give any: ‘dns to the dia. 
“auvangément, The water, however; which was, standing. 
“on the: floorings,:and which- ‘rested on the: stops, gut, the» 
foot: of the: piers, ‘showed a ‘slight difference of. lovel” ‘at: 
‘the ‘opposite ends ‘of the structure, Such’ small differ" 
ences are’ barely appreciable, although this; with the fact 
cof thé. arches of the No. 8 séries coming in contact, . 

~ although they were built, separate, proves that there was 
», Settlement somewhere or other. . ; 
->: Tt-would appear that, in defiance of the atringemeiite 7 
‘that were made for converting the bays lying intermediate 
“between the different series into abutments, the plan.and 

~ séction: of which. are ‘shown in. diagram 158, p. 404 of » 
» thisvolume, ‘a slight action. was exerted: by thé thiust ” 
Re of the arch upon the piers in immediate connection Ww. 
the-abutment ‘bays. In stating that such was the case, 
“however, I. confess that such small differences ‘as Lam... 
about to-record must be-accepted with some: doubt aa: 

; proofs: of .avich action; when the perpendictilar surfaces. 
tipon ‘which: the plumb-line was.used corisista: of splat.’ 
“brickwork. -I donsider: it nedessary;. however to" tate” 
the: ‘results ag reported by the executive enginder,, cwhoue 
- interest’ in thom. was naturally’ Very.groab,,. { 
-eumstance of. his: having suggested: the! ‘expedien 
supétintended the whole up to its completion: ‘Th 
“notice that reached me on the subject was: alltided 
“tn my tmutal: inspection report, dated 11th. May; 18523 
“>. Sino: the’ arches have been’ completed, and-the: contering: » 
cand: abutment’ bays have ‘boon “cleared: out, Thay ‘had: 
‘whole of the Bas: heed examined ' ‘with, tho: 
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0° offoct: ‘npon:: the. building, but thoy avo. (if, dependent. 
ny thio: ‘Aotlon: of. tho. thiust: of tho ‘aroh): of oxcoodih 
‘Antotest aa. ahowing the, effect of ‘thrust pon abttiments 
“gnd'the enormous power that must have boon exerted i in’ 
‘tho. prosont cave to have acted. in the smallest: dogrea. on 
‘guoh immense masses. * Tho separation of tho courses of 
brick “ab: the haunchos must ‘not bo confised: with: 
tol ion 0 which i an alluding. This sephinlon: took 

















: ve 
: when’ 46 hid senahed to foat, somtetinion mora, ini thie: 
stinpost ‘block, ‘ad. was clenaly. depondent \ ‘on’ tho’ giving: 
ithe we ‘the! ca ‘and support of the: contaring ligolf, or 
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operations, the main, body of the building having, in fact, 
suffered nothing from settlement; that on tho No. J 
and No. 8 wings being confined ontiroly to tho wings 
themselves, 

The floorings and spandrils wore entirely completed 
by the end of March, 1854, and the romaining work, 
which consisted of raising the side and centre walls, com~ 
pleting the wings, and making tho ogee curves connocting 
the aqueduct proper with the earthen aqueduct revotmont, 
was completed without any difficulty. The design of all 
this part of the work will be understood from the sheots 
of plans in the Atlas. 

The only part of the superstructure thet requires 
especial explanation is the method which I have proposed 
for laying the chambers dzy, either for purposes of oxami- 
nation oy repair, The wing buildinga were arranged 
internally in such a way-that they may be applicable to 
machinery, the power for which is alsd arranged for by 
a series of pipes which pass vertically though the 
masonry of that part of the building lying in close con- 
nection with the canal channel. With theso pipos, a 
channel running from the flanks of the chambors, ‘vith 
its head protected by a stone block and ring, is connected, 
The head of this sluice or channel is situated at thet part 


of the aqueduct in which the expansion of width takes , 


place. It is supposed that its use will seldom or ever bo 
called for, and I have, consequently, avoided any appli- 
cation of apparatus for opening and shutting it, intending 
that the shutter should be vemoved, tompion fashion, or 


(Gf necessary from pressure of water) by a crab capstan, * 


This channel, which is 2 feet wide by 8 fect high, is laid 
on‘a slope of 9 inches, Now, supposing it is necossary 


to lay one of the chambers dry. The planks ave placed in , 


the grooves at each end, and if necessary, mado Wwatiors 
tight by the usual simple expedients.. The tompiong or 
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atone blocks avo then removed by means of thoix iron 
vings; and tho wator which is enclosod in the chambor 
passos off through tho chaunol and wing buildings into 
tho bed of the Solani River, Tach chambor has two 
sluiges or escapes of this gort, ono directed towards its 
upper, and ono towards its lower wing. Tho perfect 
drainage of the chamber is effectod by moans of a ermetie, 
ox naxrow chaunol slightly doprossod bolow the chamber 
flooving, and with an incline towards tho sluice head. 
By tho means of those slices there appoars to bo évery 
facility for laying a chamber dry, whonever such may be 
roquired, ; 

In vear of tho pedestals which flank tho aqueduct, 
and which with their superincumbent lions stand-on each 
wing, the water-moasuring apparatus, togother with the 
stops of descent from tho top of tho ombankmont lovels, 
to tho intovior of tho wing rooms, aro situated. The 
lattor avo covered by a block of masonry, corresponding 
in charactor with that of tho podostal itself. Thoy lio on 
iho sido of the road of communication, which is kept foo 
sand opon, It is on this road that a singlo lina of rail- 
yond is fixed, passing above tho top of tho flatk walls of 
the aquaduet. I, continues in prolongation along the top 
of the ombankmonts, On tho loft ombankmont, this lino 
of railroad will connect tho interior of tho workshops’ 
yard with the works al Dhunowri, On the right a similar 
line will oxtond from the Roorkoe Bridgo to some fixed 
and conveniont point beyond tho Muhowur Bridgo. The 
goat object of both theso lines of railroad is to ostablish 
1 rapid moans of communication, so as to provide the 
utmost facilities for the passage of waggous ; in the first 
place, for ropaiss of embankments; and in the socond, 
“for tho oarringo of storos and othor purposes. [bis chiofly, 
howover, for the purpose of carriage of carth for repairs 
of tho aqueduct embankments that those railroads waro 

VOR, Ty Lh 
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deviged ; and that they should ho maintained in porfoct 
order for this especial purpose, is a point of such impox- 
tance, as regards the security of the aqueduct works, that 
no time nor labour should be spared in securing thoir 
efficiency. 

Here, therefore, the question of ostablishmont for 
the maintenance of these extensive embaukmonts avisos. 
In considering the details, it must be recolloctod thal 
thé-whole of the earth required must be brought from 
the sides of the valley towards the centre. From tho 
particular circumstances, in fact, in which the Roorkee 
workshops and other buildings ave situated with rogard 
to the aqueduct, it appears to mo, that carth cau only bo 
procured from Muhewur, : 

I consider it to be a law that no further oxcavations 
aré to bo made on the surface of tho valley at the foot 
and outside of the embankments. My viows at prosont 
are strongly opposed to any measures leading to outsido 
excavations, Those which have been already dono ctnnot 
be undone, They were corivénient at tho eatly part of our 
operations, and by smoothing off and sloping the ground 
in their neighbourhood they are at predent no vory groat 
eyesore, There can be no doubt, howover, that tho 
removal of tho supertoil at this particular point, and by 
so doing, increasing the difforence between the wator 
level in the canal and the surface of the valley, demands 
aremedy. We have established low patchos of ground, 
the perfect drainage of which is difficult, although indig- 
pensable for the salubrity of the country, and for the 
appearance of the works. The most efficiont moans of 
drainage axe offered by nature in the slopes which sho 
has given ; but it will require aclive meagures to keep tho 
ground in order, and to maintain it frep from the rank 
vegetation which invariably accompanios land of this sort 
in the Khadir, 
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The state of tho exterior of those embankments as 
explained in the foregoing paragraph apponrs at once to 
point out the propricty, if not tho nocossily horoaflex, 
of protecting tho oxtornal slopes, especially thoso in tho 
neighbourhood of tho torrent, whore tho embankments 
ave vory high, hy a borm or sories of berms, as is ropre- 
sonted in tho following diagram; raising the surface of 
that noxt to tho original embankmont to the height of 
the bed of tho channel, or oven highor, if such could bo 
conveniently managed, By such an arrangement, tho 
ombankments would be strongthened to an immensa 
degroo, the contingoncy of leakage would be diminished 
to a minimum, and the evil roforrod to in the last para- 
graph would bo remedied. 

Diagram 158 : 


Ce ae esent Cnivankmont, 


Thig work might be offectod by the ostablishmont 
mainiainod for tho repairs. IL might bo considored tho 
abock work io bo carriod on at all times whon tho mon 
and waggons could not be employed clsewhore. A betior 
employment could nob woll bo given to thom. The pro» 
longation of the steps on the oxtorior slopos, to moot tho 
extont of borm abovo shown, would be a vory simple 
process. In tho above diagram, whero thoro are threo 
tiors of esplanades, the stops would morely bo prolonged 
to meot them, J 

Tho amount of establishment proposed to ha kept up 
for the repairs and maintenance of the aqueduct has beon 
yogulated by tho number of earth waggons which it 


might be necessary to keep conslantly at work, - casas 
Lh 









: \QUEDUOE. [PART tit. 






daily labourers. could be called into requi~. 
these: “oceanic ne spare waggons would be 





: ‘opt in sto’ é : : 
I propose.that datilar urtieg wider the snine. ‘eapocte’ 
of discipline as, those which are provided:, for. the. works i 
‘lying -alove. the. aqueduet,: should, -be:. maintained. for 
aqueduct, purposes... There should be two. of these parties, , 
“consisting of four mates“and ‘forty beldavs, enely divided... 
into ‘gangs’ of’ one-mate,- with: ten beldarg..wndor shim, 
“These, parties should have. their. separate charges clearly 
‘defined, one being attached ‘to the Tight, and the other to: 
the left bank. 
To each pasty, fifteen waggons should be Attoolied, 
‘all: kept: in perfect working order by poriodicel inspeo-. : 
‘tions,’ both of wheels-and frame. work, Of tho above. 
number of waggons, twelve. avould be in constant. He 5 : 
‘that-is to say, telling off three men to each waggo 
four ‘spare .men for extra purposes’ dnd. keeping Ws 
-Wwaggons in store to ¥éplace athers that might he dis Jed oe 
‘duwing the. day's work. i me 
Besides these ; fifteen waggons, whlch alionld. bo, 
“sidered ag employed. on, the ‘works, +I would: peonstiadnd : 
‘that there be fifteen, others. attached :to. cach panty, but : 
‘remaining. in-store, so. that. on’ emergency,: ‘and, when, 
piditionsl ‘partion of. Sally Inbourexs Were necassar for 
















‘poth Bostcea, and Muhewur; | in equal: divisions, . : 
might. be convenient also to keep the. waggons nt, tho ; 
latter, place, from whence the main supplies of. eaxth will *- 
be-drawn, °. The buildings which now exist at Mubewn 
may, be usefully. timed to account in giving cover. fo: this 
permanent establishment. ~. 

i, the; eavly. bert of ‘progress I would. make r 
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: ' pelegtion of ‘twenty of the best horses that remain in tho - 
\_stablog alte the heavy works ate completed; for pulling: 
the. waggons, and riding the beldar parties ; a8 it will-he 
ab this ‘period, in all probability, whan, from: the aottle= 
‘mont of the embankmonts, more work will be! vequived: 

than itil Be afterwards. It is,'in:shorb, very dosirablo: 

»-bhiat from the period when water-is first ‘admitted, «every 
ene and attention’ should bo‘given to the consolidation. . 

. ofthe ‘ombankments, and ‘this: can only be effected. by 
prompt monsures forthe delivery: of dar’ th ate beste) pein 

where settlement is observed: ’ a 

he establishment, therefore, kine I prnpose for he ; 

ses haa is ag ‘follows: _ 


























oy ai Ex Carts,” 
reat Mates, | Beldara,, : Sit > 
; : “In use, | In store,’ 
~ Right tack woh ed 4 AO. J 1B 16 ; 
“Left. bank hop la 4: 40: 15 wb 
on a) BOs Ne BO) oh 80. 


nity: horsos for tho’ uso of the carta; ‘Thus giving 
. fifteen’ fou thitty ontts, with fivé: spare ones. ee 
©). tims Seill shoty in “ow ‘far ‘this nai of ‘stablish< 
“aietibabay ‘bo considered’ sufficient for: tho ‘“pinposes: 
roqtired ‘from’ it, “and: whothor is may ‘be necessary to 
“ retain’ the: stable doparbment, which is » troublesons anid: 
“ait oxpendive one. Tn the meantime, however; Tam satis 
“fled: thas if would bo unwise -to ‘trogt the: aqueduot Avoiks: ° 
tO sinaller ‘patios.’ ‘Mitch: empires: to bo done:intlspon. 
‘dently of sare : -gondolidation. The ‘completion ‘of the.’ 
A ope turing,’ the drainage, ‘and proper‘adjustment of thie 
ground’ onthe “outside of the aqueduet;. * with ‘prompt 
‘Poniedial mieasizes when ‘cutting: an disarrangemont of 
‘earthy takte'placo’ dining tains,’ are points which, if looked. 
"after in the few first years of progtess, vies) in’ al ae 
: ‘bility; ‘provent trouble, afterwards. e 























B18 Aquapucr, ; “pan ‘tt. 
2 On. this ag eduet. itscle Lr have only a few" wots to-say. 
fur he; ‘viz:; “that the preservation of the‘ éarth: embank- 
“nents from trees and jungle, and, if possible, the riddance’ 
“of ‘all: vegetation excepting’ ‘Dood: grass, which ought: to 






“gover the whole of the slopes, “and. ab least; 8 feot'in 


“qvidth of the upper flat in ‘connection wwith them, ‘appears 
to-me tobe. very desirable, not. only for the purpose’ of 
preservation, bub for the general -appeararice’ af thé ‘work, 

The masonry aqueduct will be. stuecoed,’ a gome 

_ future’ period, when the effect of the water passing over 
it has been well shown, and when: other more: important. 

: avocations do not interfere With its progress. : 

oo The’ levels of the canal bed, as connected with: the 

= aqueduct, -ave- thé most. important ‘part:of the whole: 
- design. They and the works connected with them. have, 


«> heen mostanxiously considered, and front first.to Inst‘ have 







“i heen the cones to which all my. shenehe have prealasel: 


“Diagram 169." 


Fall at the Putt 
» Strper-passage, 
2 
Dhaunowri Road Bridge: -- 








: the above section of the ani ie from the tail ‘of 
the Pattri Falls’ and stper-passage..to the head of the: 
Asseftongar Fall, is the ie introduction to, this subjects e 
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I. may . oxplain ‘that: on the, whole. Tino ‘of agtiedust 
; “the: tops of the ombankinonts ‘are lnid down’ on 0 slope 
of 1:5 feet. pex, mile; and the magonry “vovotmonts, and 
other. work: appertaining thereunto. wo~ adjusted to this 
“particular slope... The canal bed, however, is on.a slopo 
of 1:25 fect par: milo, so that above the uip-stronm, ond of 
the aqueduct, of at a. distance of three miles from the 
Roorkee Bridge, tho esplanade i is 9 ineltes higher than-it 
is.at Roorkee, 
: Referring. to tho’ section. above given, it. vill, be 
aheervedl iat, thatthe slope of the canal bed from tho 
tail chamber. of the Puttri Falls io the. flooring: of: the 
_ Roorkee Bridge .is‘ qual to, 1:25* feet per mile ;. 2ndly, 
_ thet the, slope of the canal bed from. the flooxing. of 
‘the Roorkee Bridge to the sill or waste-board of the 
_Assoffnuggur Tals is equal’ to 1-096" per mile; and 
“.. Bidly, that, the. flooring of the aqueduct is.laid on a 
vel} with that of the Roorkee Bridge. 
Té sill be understood, from the data above given, that 
we effective slope on. the whole lino, -viz., from the tail 
fof the: Puttti. Falls, to. tho head ‘of those at Assoffaugs 
~~ gun, is’ (6B: feet 78 inches) ~ (50 feet: 1% inchos) = 
: 16 feat:6:1 inches in 68,600 fect, ox 1°108 foot por milo,’ 
» Phe tail curtain wall of tho Roorkoo Bridge is Inid to 
- ‘7. depth of 20 feot, so a8; a8. far as possible; to proclude 
~,« all. chanco. of evil from the action’ of. rotrogression,. ‘Tis 
: bildge,. moreoyery has been made the point: on. which. a 
“change from ‘avhigh to 4 low level. has. beon effected, and 
ed ‘consequently, ‘has become: in. a: grontar- ox. less. dogreo 
i tremoyéd ‘from the ‘effects. of retrogrossion, Té..will ‘bo 
“subjected in all pr obability to deposits... ‘The tendency’ of 
* the low: levels from Roorkee to’ Assoffnuggut is to throw 
“a buale Water upob the aqueduct. channel,’ to: modify tho 














Actual: 9876 by proof Tavola. s! 
af ‘Ackunlly 2 Jacher lower by ‘proof oval, aK 
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declivity of bed, and to save tho latter from somo amount 
of attrition. 

The aqueduct flooring, which (vide nection, dia- 
gram 149) is sitnated at a distance of 8,404 fect from 
that of the Roorkee Bridge, is, I have shown, placed on a 
lovel with it. The object of so doing in this caso was 
similar to that before described, where the raising of the 
sill of the Assofinuggur Falls had a tendency to throw a 
deposit on the flooring of the Roorkee Bridge, which lies 
on its up-stream side, Here the position of the aqueduct 
flooing renders it liable to deposits from that of the 
Roorkee Bridge, so that what with the floorings of both, 
the falls and -the bridge, the aqueduct is not only pro- 
tected to_a certain extent from retrogression of levels, 
but there 1s a tendency to the formation of deposits over 
its whole surface, 

The true slope of the canal bed from the Muhowur 
to the Roorkee Bridge, intermediately with which the 
aqueduct is situated, is 1:25~ feet per mile. The 
flooring of the aqueduct, therefore, which is situated 
8,404 feet above the bridge, ought to have been 
raised 8 foott above it, instead of being on one 
level, had uniformity of slope on the whole line been 
determined on. There was a great object,. however, in 
depressing the flooring of the aqueduct, so a8 to remove 
the action of water in ingress and egress as far as possible 
from the masonry ; in fact, to deprive the water, if such 
-could be done, of all action, and to secure a steady and 
easy flow over the work. 

How far the arrangemonts that [ have devised will 
answer remains to he seon; whethor there is any advan- 
tage in keeping the aqueduct flooring depressed, remains 
to be proved. The whole object of the first has been 


* Actually 112846 by proof levels, 
‘+ Actually 0796 by proof levels, 
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lo protect the line of raised embankment from the offocls 
of current, and to reduco, as far ns T could, tho action of 
the water in passing from masonry 6 oarthwork. That of 
the second is closely connected with tho samo objoct; 
but if resulls should show tha necessity for raising tho 
flooring of the aqueduct to tho height demanded by tho 
effective slope, the romedy is an ensy ono, and the addi- 
tion of the required layer of masonry may bo combined 
with measures for securing wator-tightness by tho in- 
tervention of agphalte or any othor imporvions sub- 
stance suited to the purpose. 

The following tables will show tho amount of wator 
discharged through the earthen aqueduct channel, aa well 
as that which tho masonry channels of the aqueduct pro- 
per are capable of carrying ab different hoights or depths 
ag noted in the first column. Tho velocity being cali- 
mated at that duo to tho effective slope of tho canal 
channol from tho flooring of the Puttri Falls to tho sill of 
those at Assoffnuggur, this being :—~ 


4 


Table L—Hariuey on Revetimp sAquinuot 
4s 




















pega sac inate eteraanannniinnatne 
4 ‘ Velocity, Discharge 
D Re, ie - por Sovond, 
1] ,11°88 1:28 | 2°87 192000 
2] 28:40] 1:82) 8:17 40000 
Bt 84:59 | 2:22 | 8°76 909-000 
4] 45°57 1 Q*5Bj 4°20 1,580-000 
Bf 65°46 | 2°82 | 458 2,116-180 
6) 65:07} 3:06) 4°88 2,765°820 
Ft 7488 | B27) BIB 8,466" 200 
8 | 82°86 | S45 | G48 4,207°276 
9'| 91-12) 862 |. 5-62 5,002 +840 
10} 99°67; 870] 6-86 5,866°920 
LL | 10672 | 8°98 | 6°05 6,545; 846 
12 | 114-84 | 4:08] 6-20 7,705 +080 
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Table I.—Aqurpuct Prorrr—Masonry CyaNncn, 


a a ae 































— ; 5 
Velocity, Discharge per Berondy 
DL OR Area, Ono Both 
Chamber, Chambers. 
A} 11735 /1+28)2+37/0°19 82080} 106:0621) 310+1248 
2) 28+102}1-81/3:17)0-45) 166+248] 300:9088; 601+8176 
8) 84:081}2+20/8+7210+68| 261/187] 652-5011 | 1,105 0028 
4] 44:608/2+5314:20)0-86} 836+187| 850-4266 | 1,700-8582 
5] B4+678(2°80/4'54{1-06] 421 +137] £,179 +1896 | 2,358 +9672 
6] 64:323/3°04/4+88) 1-20) 506°187] 1,538 +6565 | 3,077 3130 
7) 78*567 18°26 /5:20/1'380) 9 591+187) 1,921-1958 | 8,842°8906 | 
8] 81°62218'°45)5+38(1°48] 676+137) 2,319 +1499 | 4,638 2998 
8] 90:447 |8°61{5+62/1°60) 760+704) 2,746 +1844 | 5,492 2088 
10) 98+643 /3°77/5°86/1'68| 844616) 3,184 +2028 | 6,868 +4046 
11}104+480 |8°88)5°95/1°81| 927°463) 8,598 +5664 | 7,197 1128 
12/111°661 | 4-02 ei ed 1,009 463) 4,058 +0418 | 8,116 0826 


We now come to the bed of the Solani River itself, 
and the works that have been designed ond exeaiited, 
first, for the direction of its course upon the waterways, 
and, secondly, for retaining the toxrent upon this course 
afterwards, This brings us to 


III.—Bonpg AND EMBANKMENTS oN THE Sonanr Riypn, 
IN CONNECTION wiITH Tun AQuEDUcT. 


From what has been said before, it will be understood 
that the foundations of tho aqueduct building, in addition 
to the line of blocks which was substituted for that of 
piling as originally planned, havo, both in front and rear 
of the floorings, curtains and aprons, consisting of frame 
boxes filled with heavy material, and covered with Lines 
of piling. By yeferring to the plan in the Atlas, ft 
will be seen that the flanks, both on the up and 
down stream side, have been protected by works of 
similar character, somewhat different in disposition, 
but tending to protect the building from any injurioug 
action from the ewrent in ils passage through the 


OWAP, TX} SOLANT AQUEDUCT. 523 


waterways. The aquoduct building itself, thorofore, 
as well as iis immediate neighbourhood, has been 
strongly protected ; and as far as those protective oxpo- 

dients have been carried, they appear to bo in overy way’ 
officiont, 

Trot, the charactor of the momntain torrents with 
which the canals come in contact in tho upper part of 
the Doab, it will not be overlooked that tho bed of tho 
Solani undergoes constant chango of direction, ovory 
flood cutting from one sido the soil that is delivered 
elsewhore on the other ; and that here, also, as elsowhero, 
nature appears to havo designed for its use a wide and 
extensive valley or khadir, by the borders of which the 
vagaries of the torrent aro limited. 

By referring to Plato XXVII. Sheot 17, Atlos, it 
will be observed that tho bearing of the aqueduct across 
the valloy from Muhewur to Roorkee is laid ab an aculo 
anglo with that of the bed of tho river, so that tho courso 
of the rivor camo in awkward contact with tho loft abut- 
ment of the work. This ovil lod to tho inconventonco 
as well as to the accident that T havo bofore deseribod ng 
having happened to tho left wing duwing*the floods of 
1850, at a period before tho revetments and walle wore 
completed, The remedy could not bo applicd until tho 
waterways on the right were sufficiontly advanced bo admit 
of the course of tho river boing altered; and it was not 
until the cold weather of 1850-51, ov that immodiatoly 
succeeding the rains, when the abovo intoxruplion took 
place, that wo were able to commence tho works in tho 
valley for this purpose. 

A referenco to the sheet abovo referred to will oxplain 
the stops that were taken for the ptrposo, better, pov- 
haps, than any description that.I can givo othorwiso, 
Our object was to bring tho course of tho torrent fairly 
and directly upon the waterways, and to gob rid of the old 


+ 





longitudins is of the ght oe wp ie ‘enti it 
mét'a curve of thé xiver, as'shown'in the map... The dis: 
tances: between the aqueduct. and the meeting: of" ‘the ¢ evo 
by: ‘the: Ting ‘in “prolongation wad 9,400: feet.’ : 
alignement the new course of the siver wad to be | ‘dit 
Tn. designing “this I preferred a sored ‘of numer 
small channels, ag at a, b; ¢, d, e, fig, to one or two latge: 
ones, as by multiplying the channels the surface of ‘soil 
to be acted. upon by the current was greatly increased,’ 
and it-was by the action of the current that I propose 
gain. a channel: sufficiently large for. the passage. of. 
water, The work’ done -here’consisted in 
par allel ivenches of 50, feet width: each in’ prolén 
the: abutment: and piers: their position being’ fignned in: 
Plate XXVIL; Sheets 17 and-18, ‘of the Atlas... Z 
:... The slopes of. the bed of the new cuts were. to be 
uniform; “confinencing from the upper. bed at B,..and: 
terminating or’ the aqueduct, The slope was, in fret; 
1:276 feet per 1,000 feet, from: a point’ on. the outwators® 
of. the Solani Aqueduct, one foot above the Hooring. ; 
“The ‘excavated earth from the channels a, by ¢)'d,i we 
an on the right:;.. hee from the channel &. On nthe? 
at . : : 
The two channels: f, g, for the passage “of he: Inilt 
: ‘Nulla into: the channel ¢, were vach 50 feot’in width, with’ 
“apace ‘intervening of 70 fect in width.’ The -eatth oxo: 
vated from f hatng throw. on the vight, that from y a 
‘the'le . : 

























i wh i aie described i in tho plan , 
fend: to: the emirent thet Was 
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down thom, : were ‘mide from sand or soil thrown. up: fvom 
the front of each... 
“The, levels were determined ‘hy. anes which wore fixod 
on “the ‘contour, : These, together with the ‘orders which 
“weve given ..on chaning over. tho work’ to the oxocutive 
‘engineer, will. be..seen on “tho faco. of. Plante XXVIL, ; 
Sheat No. 17,,0f the Atlas... 

-- Phe: transverse. section of theso. five, outs abinbassi: 
with that of a. single channel with ‘oqual waterway, ‘will’ 
show. the advantage that. tho. former has-oyver.the., Antter, 
where wear and téar.is. the object. to be, gained ; ib ds. w 





‘very good elucidation of the value, also, of, that elomont. 

in the formula for dischargos through pipos and. channels, 

-cotisisting of the accurate monsurement of the wally or of 

‘the Rarienetea | in contact with the fluid. 
us » Diagrin ‘am 160, 





mire comparing the valnd. of the wall ciate 0 he 
acted. wpod,.in. the figuros above given (supposing: for. 
‘alinplicity’s: aake that.the. depths are 10. foot); we havo-in 
‘the first.case, 70;x 5 = 850; and.in the second 270 only, 
the dischange, in’ the. frst: cago, supposing. that. the walls. 
of thé channel. were rigid, being propor tionately. loss. than. 
that i ‘in the gécond. . The action: of the fluid, however, on 
‘the: smaller. channels’. (which. wouldin: the above ‘eng ” 
reduce the amount of discharge), hore: tonds to enlarge 
and: widen: the: shannel; and: thereby..to. gain. tho objet 
whiehd ds-dosired.; 

“Economy. leealy enters inko tho plan which as heen: : 
‘adopted, not.-only\insveducing the. extent Of exeavatod 
Shanna, but i An: rendering that oxenvation more onay) by, : 


§26 SOLANI AQUEDUCT, [PART IIT. 


shortening the distance to whiich the earth has to be 
carried. 

The action of the floods during the vains of 1851, 
which wes the first rainy season in which the 1otrents 
wore passed down the cuts, and between the abutmenta 
of the aqueduct, was comparatively slight; the cuts, 
however, did their duty, and the bunds entirely removed 
the river from its old course. During this rainy season, 
the piers anid floorings of the aqueduct, and the piers 
placed intermediately for the support of tho saplia were 
in progress. 

The first flood was a very early one, and came rather 
unexpectedly at 4 p.m. on the evening of the 14th June ; 
the 20th of that month heing usually considered the tima 
up to which the works were tolerably safe from floods, 
The five cuts were, however, completed, with the excep- 
tion of small bars across two of them Jeft until the last 
moment for the purpose of cross-communication, Tha 
torrent came down through the euts, leaving the old bed 
of the river high and dry, and not interfering with the 
bunds in any way. The water of this flood rosa 4 fact 
above the flodring of the aqueduct. 

On the Ath of July, a flood 8:75 feet in depth on the 
flooring passed off without doing any damage, although 
showing an inclination to cut on the right, upon which 
the cwrent had made a set, The executive engineer, 
therefore, stopped up the heads of the two cuts, a and b, 
as well as the two right waterways of the aqueduct, 
During this flood, it was supposed that at least four- 
fifths of tho volume passed down the above two cuts, 
The bunds, which were made, were raised merely above 
the surface of the ground, so that they might be topped 
by water rising above 6 fect. It must bo understood 
that af this period the flank protections to the abutments 
on the riyer side had not been built, and that it was 
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of the wimost importance "thal thoao paris of tho work 
should be removed from all dangor. . 

‘The up-siream piers, both of the main aquoduct and 
for the support of the railway on the wp-slroam free, wore 
at this time comploted. On the 10th of July, and in 
reporting the above flood, it was stated, that “ our exons 
communication with the two banks ‘is now completo for 
foot passengers, and ,tho railway will, in a fow days, be 
laid from abutment to abutmont. The work romaining, 
however, to complete the picrs on tho down-stream half 
of the aqueduct ready for arching, is vory considerable.” 

The stato of the five cuts aflor tho abovo two floods 
was not much changed. Tho edgos of the two right oncs 
had become serrated or broken into ravines, In some 
places the earth had fallen in 10 feot from tho original 
digging ; but the averago was not moro than 4 or 5 foot, 
and ot many points tho banks woro hardly cut away 
af all. 

On the 14th of July, a flood 4} foot above tho aquo- 
duct flooring passed down tho river. Tho two right 
cuts having been bunded up at their hoads, all tho 
water camo down tho three others, ¢, d, % Although 
the two right watorways of tho aqueduct wore bundod, 
not the slightest action was observablo on tho right 
abutment, This flood was not aufliciontly high to test 
the measures that had boon taken, but tho results, ag 
far as they showed. themsolves, were satisfactory, 

During this flood, work was carried on as usual on 
the superstructure, although water was flowing through 
the eleven centre archos. 

The effoct of tuning tho river from its old eourso 
appeared at this time to influonco tho movomont of tho 
eurrent above the head of the culs at tho point B. Tho 
stream began to abandon the twm or deep loop on the 
right bank above the cuty and to como porpondicularly 
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down on: ‘the aligneciiaak ofthe: dante channel. “Wo 
found it, therefore, ‘desirable: to ease off tho sides of the. 
_entgin places where the natural soil would: not give way," 
a8 ‘this ‘supersoil- acted. asa. most: perfect check ie abr 
“gion, svhich instantly took place on: its venioval:, 
«On. the 22nd. of July, a G:-feet flood: ‘paedad ‘down’ 
without causing any inconvenience, “and ‘wns: as. easily 
disposed: of a, the former ‘ones, . The effect of this foot. 
placed at rest sny-doubt about: the efficiency of .our cuts: 
and bunds. ‘The water passed down .three of the ‘quts'it 
the: head, and: broke through the bund: at the. headof 
cué.b, not owing to its having topped ‘tho bund, but to ™ 
the action of the current on its face; °°. ? : 
Up to. the termination of the rainy season of 1851, 
very little rain-had fallen about Roorkes itself. The © 
Solani floods originated entively:fvom falls’of vain-in: thé: 
Sewaliks,. ..\Lhe-vesults of ow works, However, wer 
satisfactory, expecially the ‘inlet of. the Imli’ ‘Mulla vith, 
its bunds, at and “in connection ‘with Which Thad antici- 
pated much trouble, 
"Previously to the setting i in of the rains of 1862, the si 
series of arches marked in diagram 158 as 1, 2; and 8,.~ 
had been completed, and the 4th was in progress during“ 
the months of June and July. On the 9th of August,- or 
oi the day of completion. of the: No, 12 Bay; the whole: 
> of the down-stream half of the aqueduct was arched thy: | 
Wei'at this time, therefore, began a new potiod in whicli 
the floods had to act on the work with the down-stream. 
“half loaded with arches, and: the up-siveam piers aid 
railroad supports ‘acting as obstructions to the current, 
“Asin the season of 1851, the'floods were earlier than’: 
: “ustial, A sinall. one canie down the river on the 16th of. 
“June,: without doing damage of any great importance, 
: although it ‘reached the works when the ‘bunds were 
ir, On the 27th of June, a ‘flood of seven 
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foet, on the flooring; and on the- 4th of July, ono of oight 
feet’ passed through the: aqueduct. : Those were honvior 
floods’than ‘wo had before oxperionced, but. they passod 
off without doing any damago} although at-tho timo thoy 
“wore ruming, the two. bays on tho right, as woll a8 the 
“four onthe ‘left, connected with the arch. building: of 
the. fourtli garies, were: antizely: clogod.. I sm desirous of 
entering into the-fullest detail on these mattors, ad. tho. . 
position: of the works during this; as I may call it; 
initiatory..period, is of much importance - and interest 
connected with the value of the waterway of tho aqueduat, 
For instance, on the- flood of: the 4th July there wore 
six out of the fifteen bays closed, besides the obstruction 
given: to the free passage of the water through the 
remaining nine, by the.interposition in oach bay of two © 
piers for the support of the railroad. 
The. effects upon tlie bunds arising from tho ‘above 
floods were as follows. . The main or. loading bund D, 
situated.at the head of tho cuts, and which, crossing the 
old bed, extended somo way into tho country, wag broken 
at its intersection.with a hollow ab a.point considorably. ; 
to the left.of tho viver. As fur ag fracture wont, this was, 
the.only bund that, suffered, oe 
» The. retrogression:. of levels which was nooassarily 
attendant : :on tha new cuts had actod considorably, ‘The 
beds of the cuts, which wore Jevel with tho natural soil af. 
the, point guardedby, the Nulla bund,” woxo at this 
time, 8-feot below their embankments}. and porpendicula 
fol or, .dvops. had -.establishod thomsolyos olsowhore, 
The same was.in, operation on tho, two. euts Sg) con» 
nected. with the Imli Nulla; tho, easton ono g.. boing 
about: 2 feet. deeper: than. it was originally. oxcavated, hp 
western out. f was, littlo, affected by tho floods... °. 
On. the 20th of ‘August. there was much rain, and tho 
Solani. rosé toa hight equa to, that. of tho 4th of duly, 
YOL. I. MM 
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‘or 8 feet on the aqueduct flooring. These heavy floods 
did great good in clearing away the remaining sand that 
existed in the neighbourhood of the works, from the 
biock sinking and flooring excavation. After the flood of 
the 20th August, the main set of the current was straight 
through the centre waterway, and from thence straight 
against the old benk apposite the village of Mullikpoor, 
The deep water runs close under the bank on the oppo- 
site side to where my estate is situated. 

“The rains of 1852, therefore, passed away, not only 
without doing damage of any description, but in giving 
me increased confidence in the works on the Solani 
Valley, as well as in the sufficiency of the waterway of 
the aqueduct, and of the protective works connected with 
both its flanks and its foundations. 

During 1858 the rains were by no means continuous 
throughout the season. In the early months there was 
a good deal with much interruption to work, but latterly 
hardly any vain fell at all. There were, however, some 
heavy floods, which occurred at a period when the aque- 
duct from having seven of its bays closed, stood a still 
further test of its sufficiency for all purposes required, 
The last avch was keyed on the 4th July, 1858, previously 
to which a flood came down on the 16th Juno, and stood 
84 feet on the aqueduct flooring, during which tho 
following bays (vide diagram 158), Nos, 4, 8 and 12 
were shut. Now this was more trying than on. any 
other occasion, from the circumstance of the centre bays 
of the aqueduct being interrupted. No injury, however ', 
avose either to the bunds or to the masonry work, and 
the cuts became very much enlarged. Tho result of thig 
year’s rains was, in fact, more satisfactory than that of 
the years which had proceded it, and added, if anything 
were required to do so, to the confidence which I had 
already expressed of the stability of the Solani Woxks, 


+ 
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Lhave not attompted to doseribo in all thoir details, 
the different additions that wero mado to the bunds, &., 
duving the three years sinco tho torront wes placed in ila 
new: channel, Some of the bunds originally proposod 
wore omitted, others havo beon exfondod both in length 
and increased in proportions, Low ground on tho right 
and in the vicinity of tho aquoduel ilsolf has boon 
protected, and much improved by dotached works which 
circumstances showed to be necessary; and tho grontost 
attention has been given to tho permanont socurity of 
the whole, 

Plate XXVII. Sheets 17 and 18 of tho Atlas, will 
show this detail, and oxplain tho changes that havo boon 
made during the continuance of our operations, as woll 
as the effects upon the cuts by the action of tho curront 
during the rains of 1862 and 1858, 

The truo slope of the bed of tho Solani Rivor as 
effective upon tho aquoduct floorings was dotorminod yory 
cavefully by mo in 1844, by a sorios of lovols tukon on a 
length of ten milos, eight of which woro abovo and tivo 
below the site upon which the work hag boon built, On 
the above length the total fall was 50°89 feot or 6:08 
per milo, 

Tt will bo understood that by the chango of courso, 
and by the straight divection upon which tho now cul 
has been brought to boax upon tho agquoduet, tho 
natural yegimen has been disarangod; and that, as I 
have shown elsewhere, the straight cut which brings tho 
water upon the up-stream, frco has a slope of 6°787 foot 
per mile, an excess of slopo which is uniform on tho 
. Whole longth of the cut on a distance of 9,070 fect, Tho 
vapidity of the slope thus given to the bed on its 
approach to the work, has a favourable tendency towarils 
the establishment of deposits on tho flooring of tho 
aqueduct, and to protecting tho tail from tho orogion 

am 2 
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which an uniformity of declination of bod would have 
led to. The effect, I imagine here, will be similar to 
that which I have before explained, as having arisen in 
all cases where the uniformity of slope is broken, and 
where a vapid descent delivers the water wpon a slope 
which is insufficient to carry it forward on the samo 
velocity with which it arrived at the point where the 
change of level took place. For instance, in the bed 
of the Solani to which our attention is now directed, 
we have the bed in connection with the floorings of 
the aqueduct similar to that shown in the following 
diagram, 
Diagram 161, 
~ AQUEQUCT 


aebendcd are parallel to each other, and on a slope of 
5:08 per mile, the intermediate portion, b fc, being on 
an increased declination of 6-787’, 

There can be no mistake whatever in the regults of 
this arrangement. They have, in fact, been from tho 
period when the water was first poured down the cuts in 
constant progress towards completion. Rapids and abrupt 
descents have been establishing themselves in the bed of 
the cuts, with a vetvogression of levels, the abraded matter 
being pushed forward, In other words, the shaded tri- 
angle in the above section, ¢ b f, is undergoing abrasion 
and removal, whilst the soil so removed is thrown on tho 
floor of the aqueduct in the triangle fed. Tho results of 
the action, which I imagine to be ‘taking place, aro 
clearly exhibited above, where the dotted line points out 
the surface of the time bed of tho river, as it will ° 
ultimately appear, when the water has fixed for itself a 
regimen dependent on tho slopes which we have given to 
the bed. j 
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Laying aside the fact of tho great advantagos 
derived to the work, by bringing tho toxrent 1o boar 
divectly upon the bays, by which the protective moa- 
sured for tho flanks, and tho dischaygo of tho bays 
themsolves have their fullost bonefit, tho foundations of 
the aqueduct itself derive tho groatost of all porsible pro- 
tections from the yesults which I havo above desexibod, 
of deposits. 

The slope of the river, although sniall whon com- 
pared with that of other torronts with which wo havo 
had to deal, is still considerable. I am of opinion, novor- 
theless, thet, from the great extent of waterway which 
has been given to the passago through tho aquoduel, 
and consequently to the diminution of obstruction ;—~ 
from the deposits on the floozing reducing tho action of 
the current in its passage during floods possibly to a point 
lying above the masonry floorings thomselvos ;—and from 
the superficial charactor of the river on tho down-stronn 
side, with the junction at a somowhat acuto angle of tho 
Rutmoo Torrent about fow milos bolow it; a volrdpyon- 
sion of levela upon the aqueduct tail ix not ta bo antici. 
pated, To provide against a contingency of this sort, 
however consecutivo, linos of pilos have boon drivon logo 
together at a distance of 20 foot from tho masonry 
floovings, the intermediate spaco boing filled with box- 
work and heavy matorial, confined in its posilion by 
sleepers; an arrangemont that will be undorstood by an 
inspection of the plans. 

Considering the retrogrossion abovo alluded to 40 be 
improbable, I have had no hesitation in carrying out 
the cuttings in prolongation of tho abutmonts on tho 
down-stream side of tho bays, so that the cuzront may 
run fairly off, and not be intorruptod by tho tm which 
the old course of the rivor gave it immediately on its 
escapo from the waterways. A. groat objoct that T havo had 
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in doing this, is to keep the water a1 a distance from the 
Roorkee side of the valley, and to form the border rest- 
ing on the right of the letters a’ a’ a’ (see Plate XXVIL, 
Nos, 17 and 18, of the Atlas), into a raised esplanade 
smoothed off and turfed, in continuation of that which 
now exists on the right of the old river. A work of this 
sort can bo easily done by warping, and making the tor- 
rent deposit silt on the flank that requires to be vaised, 
The improvement will be an immense ono to the station 
of Roorkee, and can be done gradually by the aid of the 
establishment which must be maintained for the pura 
poses of the aqueduct. 

In estimating the theoretical, as I have alveady given 
the efficient practical value of the waterway of the aque- 
duct for passing off the floods of the Solani, I shall treat 
the subject in the same way that I have done the super- 
passages, 4.¢. by estimating the area-of the catchment 
basin, which depends upon the aqueduct for its rélief 
from drainage, under assumed falls of vain over that 
catchment basin, 

Supposing, therefore, that 12 inches of rain fall over 
the whole Surface, viz., 216 square miles in 24 hours, 
the total quantity of water that had fallen would be— 


5,280" == 27,878,400 cubic feet in 24 hours, 
” 1,161,600 ” in 1 hour, 
” 822°666 cubic feet in 1 aecond; 
therefore the discharge per second would be thus :— 


322666 x 216=69,695 "856 cubic feet. 


T sea no necessity for entering into the variety of 
causes that would interrupt the regularity of the above 
discharge, nor the probabilities of heavier falls than 
12 inches in the time given; for this reason, that 
although the rain gauges do oxhibit occasionally a 
greater amount of fall, even as high ag 5 inches in one 
hour, such falls are limited to small areas, and arise in 
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nine cases out of ten from the breaking up of a dolachod 
mass of cloud hanging over « limited tract, As fay as 
my experience has gono, I boliove that in cstimating at 
the rate above given, and over an aron as above de~ 
aovibod, T am in excess of any actual fall of vain that has 
ever been recorded; and that an ayorage fall por square 
mile of 822'666 cubic fol por socond, a8 occurring upon 
an aven of 216 square milo, is a fair and liberal allow- 
ance to provide against, 

The following table explains how the above discharge 
will be met by the waterways of tho Solani Aquedust ; 
the first column showing the dopth of water, and the 
last the actual discharge through, tho fifteen bays of the 
volume due to that particular dopth. 









































Velocity, Dischargo por Second. 
Dd, R. Vv. ca U Aron, 

Menn. | Surface, | Bottom 1 Opening, | 15 Openings, 
20 [12 +424}2°808) 4°537 40'0 112°820] 1,68)+800 
20 {20°817|8°818} 6°86 850° | B2l*105} 4,861 «675 
80 |28°920)4°603) 6°760 185°0 6075908] 0,118 675 
4:0 |88+268}5:202] 7°673 185:0 962/870] 14,485 +560 
BO 147-000] 5:75 2350 | 1867-225) 20,866 87h 
G0 |55+161;6+269 285°0 | 1,786° G65 | 26,799°075 
7:0 162°818(6°688| 9486 886°0 | 2,240°480) 88,607 -200 
8:0 |70+000;7°067| 9*9865 885°0 | 2,720°795 | 40,841 °925 
90 176°764/7 404110 80d A485°0 19,220°7401 48,801" L0G 
10:0 |88+148)7°709/10°698 485°0 | 8,788° 865 | 56,082°97h 
11-0 (89+167(7+086]11-069 535°0 | 4,272+510} 64,087 a50 
12:0 /94+865/8+257| 11 +857 585'0 ]4,880+845 | 72,455 +176 
12 +542} 97 +824] 8+865] 11 +485 612083} 5,120°074| 76,80) "110 












I have retained tho slope at 5:08’ por milo, that 
boing the natural one of the rivor. Tho modifications 
which have arisen from the now ent above tho aqueduel, 
would if anything rather tend to increase tho volocity 
than otherwise, and, consequently to inoroaso tho dis- 
charge, 
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Tt ville: ‘geen; from: the table that high syated on: 
the -piovs equal to: 11}. feet in depth would give a.dis- 
charge very nearly equal-to that which T have. estimated 
ag, a. Maximum, whereas the full value of the. waterway 

‘which I consider to be up to the spring. of the avch, or 
19'542 feet above the: level of: the flooring, would admit 
of a free dischatge equal in tmnomnt £0. - 6,801:110 cubic 
feet per second. : 

In . concluding . this chapter, I may add, that: pie, 
viously to turning the water over the aqueduct, a. tem- 
porary weir or overfoll of 80 inches in height was raised 
on. the flooring of the Roorkee bridge; this was built in. 
each: of the bays of. brickwork, its section being as 
follows :— : 


: Digit 162, 





The. object was to retain back water upon the aque~. 
“duct, to save the bed from wear during the early period. 
‘of its being ‘used, and to give efficient aid to consolida-.’ 

“tion. Subordinate to these it. gave additional..depth of 
swater for boats, during the period’. -when’ the ouldge _ 
stratum: was in progress of being laid down. : = 

The bar of masonry can. be remoyed i in:half, an Yon 
or even in. less time than that, should ib. ‘be found to be: 
unnecessary, or conducive to. injury. Ié will be removed 
pulicely when the. aqueduct ped is pr oporly ‘adjusted, 

“With reference to the lower bays of the aqueduct, 

‘through which. the torrent “passes, it would be. dosixable 
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to. seo -by éxperionce whothor ovorfalls or bars liko those 
above mezitioned, might. not be built on tho flank bays, 
-or in thoge next tothe abutments. Theso might ho 
built-to the-height of heavy floods, say half tho hoight of 
the: pier, or #== 6-228 foot above tho flooring... ‘Tha 
advantage’ of :theso arrangomonts would -bo . that. they 

. would: protect the. flanks, by keoping ‘tho’.curront ab:a 
distance from the abutments’ in all common floods;.in 
all, in fact; that. did not exceed 6-228 foot in height. 
Tho effect would “be to throw ‘along spit of sind. of 
60 feet in width on each wing, which would by no means 
imprové the appearanco.’ It is evident, howover, that. if 
the waterway can bear it, the: proposed overfalls in -tho 
flank waterways will give a very officiont. cover and pro- 
tection to the abutments. 





Roonkun ‘Hospirat,' duilt hy the Jato Captain nw, Fras Ben al Fingine: 
Chilled by his mon at Meorut), with the Lorn ehiid it aoe 


w akon fic the root ofa howe, 1 naw the Nilllar 
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Cxarrmr X. 
BXCAVATION OF THE CANAL OHANNDL. 


Tun general design upon which a canal for invigation 
is projected, has been sufficiently explained in formor 
chapters. In this place, therefore, I shall confine myself 
to the method adopted for determining the capacities of 
the channel, and to the practical operations for exca- 
vating it, It will be wnderstood from what has gone 
before, that as the trunk and its main branches are in- 
tended to act ag the receivers of supply for the distribu- 
tion of water over given areas, the leading point to be 
attended to is to place them in such an eleyatod position 
with reference to the areas to be inigated, that there 
may be as little difficulty as possible in effecting this dig- 
tribution, For this purpose in laying down the aligne- 
ment, the watershed of the country is evidently tho time 
position for the lines of supply. Again, for regulating 
the quantity of water which passes through the ‘canal 
channel, the direction must be dependent on facilities for 
escape, and consequently on the topographical outline of 
the country over which it is carried, In the regions 
connected with the mountains it is necessary to provide 
for the escape of torrents, and the heavy floods to which 
the hilly tacts are subjected. Tlsewhere it is equally 
desirable to obtain the aid of natural lines of drainage for 
receiving waste water which it may be necessary to throw 
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off from the canal channel. In both thoso cases, much 
cave ig requisite, as upon them depends the officioncy of 
the works as 2 machino for irrigation, and tho hoalth of 
the neighbouring population, from froo and poxfoct drain- 
age, It will have been geen that tho Gangos Canal in 
its passage through the lowlands at tho foot of tho 
Sewaliks, is connected with oxtraordinary difficulliog on 
the leading 19 miles of itg course. On its reaching tho 
high land of the Doab at Roorkeo, its gonoral divootion 
lies between two rivers, the beds of which are moro or 
less depressed below tho levels upon which the canal 
channel is carried, It runs, as far as straight lines can 
rim upon tortuous ones, upon tho summit ridgo from 
whence the water flows away 1o the natural lines of 
dvainage. Consequently, although the flood wator on 
the high land may occasionally be interfored with by the 
regularity of alignement with which the canal is laid out, 
the proximity of rivers lying on a lowor lovol, offors ovory 
facility for the defect being overcomo by artificial means. 
It ‘is obvious that tho samo cause is favourablo to rogu- 
lating tho canal by tho modium of oscapo channola into 
the beds of these rivers, and that a command is obtained 
over the land in the tracts bordering upon thom, most 
especially favourable to irrigation, 

In tablo F of the Appendix, I have placod tho 
original explanation of tho method adopted by mo in 
fixing the size of the excavated channel. This method 
has not beon departed from in the project of 1850, 
although in details if has been much modlified. ‘Tho 
causes of these alterations have been beforo oxplained. 
In the northern or khadir tracts thoy depended on a 
change to the works connected with the mountain tor- 
rents, and ave, therefore, strictly due to tho onginoor, 
Zn the lower or southorn tracts thoy dependod ontirely on 
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revenue and measures for distributing tho water with 
the greatest advantago to the agricultural community Ag 
well as to the interest of the State. 

By referring to the table above alluded to, it will be 
observed that the design for the capacity of the channol 
is founded on certain axioms, by which ai any given 
point the precise volume of water passing’ the canal at 

* this point is Imown. This being the cage, the only 
questions that vemained to be determined, are Ist, the 
slope of the canal bed; and 2udly, the depth to which 
the water may be carried, Both of these points are 
main elements in determining the capacity, but the first 
is regulated in a great degree by the necessity that exists 
under the climate of these provinces for proventing the 
growth of water weeds, and the sccond by the desire for 
maintaining the depths of water, corresponding as far 
as possible with the average depth of excavation ; 
what is called technically in the department, ‘ within 
soil.” 

The slopes of the bed therefore require to he do- 
pendent on the freedom of tho water from vegetation, 
and at the same time tho action of the cwrent upon tho 
soil. In the Ganges Canal works they have heen limited 
to 2 feet per mile in the shingle tracts at tho canal head, 
and to 1 foot per mile in the channel below thom. From 
the Ranipoor super-passage, which lies at a distance of 
6 miles from the head at Myapoor, the slope of the canal 
bed, in fact, varies from 1:25 to 1 foot per milo. These 
slopes are carried ag uniformly as possible on long lines, 
and they are sustained at every bridge by the bay floor- 
ings, which act as retainers for restricting the effects of 
retrogression. For this purposo both the floorings and 
flanks of the bridges are well protected. It will be seon 
from what has gone before, that fall of country exceeding 
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the above slopes has been disposed of by rbrupt masonry 
descents, over which tho wator passes ; and that at tho 
Solani Aqueduct and its neighbourhood, cortain modifi- 
cations of slope have boon given, doponding on tho pro- 
tective measures which have boen thought nocossary for 
that work. 

The depth of the wator, or that to whieh high-wator . 
mark is limited, was a point very prominontly ingislod on 
by the Medical Committee in tho report to which I havo 
dzawn attention in an carly part of this paper. It ig ono, 
moreover, of which I entirely approve, and to which, in 
fact, as much attention as possible was given in my 
original project, By restricting tho high-water mark 10 a 
limit below the terreploin of the country, it is evident 
that all the dangers to which an embankod channel aro 
open axe avoided. This is a fact which directly attaches 
itgelf to the engineer not ouly in his cstimato of cost, but 
of probabilities of accident. On the othor hand, leakago 
and the proximity of hollows ave the invariablo attond- 
ants on raised embankmonts, Tho first, in vory impor. 
vious soil, may bo remedied, if not altogother proyontoed ; 
but the latter is inhorent in tho design, TWgrth must bo 
procured, either by superficial digging, tc. by shaving 
from the surface a moderato quantity of carlh, or by tho 
excavation of tanks or resorvoirs. In both casos rain water 
lodges, and during the rainy season forms jhoals and 
sheets of standing water, leading to tho richest vogotation, 
which is maintained even after the subsidonco of tifa 
water by the moisture derived from tho canal. ‘To 
provent the occurrence of ombankments universally, ig 
quite impracticable; but it may bo redueod to tho lowost 
possible limit, and tho evil may be modified by a judicious 
application of drainage channels, oy even by tho main- 
tenance of tanks, which might be kopt suppliod with 
wator, and by constant care bo provonted from bocoming 
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receptacles for water plants. I have endeavoured to do 
this in the few cages where embankments have been 
indispensable; but I have no doubt that experience 
will show the value, if not the necessity, of relieving 
the outside of the embankments from local inunda- 
tions by cuts made into the nearest line of natural 
‘drainage. On this point there is no necessity for entering 
* further, as it has been vepeatedly referred to in former 
chapters. 

The amount of water which is to be admitted into 
the canal-head at Myapoor having been determined, and 
the detail of its distribution in the trunk and the different 
branches having been fixed, the plan that I followed in 
laying down the width of channel was to assume as fixed 
points certain leading features. For instance, it having 
been resolved that the discharge of water passing Roorkeo 
should be 6,750 cubic feet per second, and that certain 
branches should be dependent on the main trank for 
their supply, the axioms to which I have before ro- 
ferred gave me the exact amount of discharge required 
at— 

: The Futtigurh Branch Head. 

Bolundshuhur Branch Head. 

Koel Branch Head. 

Nanoon Branch Head. 

Escapes at the Heads of the Termini at the Ganges 
and Jumna. 

The only modification required being that of adapting 

the main trunk below the branch heads and escapes to 

the additional volume that the stoppage to the branch- 

supply might occasionally furnish, On these considera- 

tions the skeleton, which I havo shown in diagram 17, 

was designed, and it was upon this design that tho canal 

channel has been excavated. To save back reference, 

the diagram above referred to is xeponted, as it takes 
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its placo very properly ab tho hend, of tho following 
paragraphs. 
Diagran 168. 


PROSEGT OF 186 
Mond at Murdwat, 
6760 












1210 Cuble feet 
185 mites 







Bolundshuhur Bre 
“820 Chib, feeb 
08 miter 


Koel Branch 






05 miles 


The practical operations were conducted on two 
different plans, viz., one where the excavation wad 
performed by contract, and in tho other by labourova, 
either paid by the month or day, undor tho suporvision 
. of overseers. Tho first was the plan most gonorally 
adopted, although the latter has in many.cages, ospoclally 
in tho work subordinate to tho main canal, in tho 


Pa 





abodes... He ig quiet and tractable ;. and, exceptin, 
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Northern: division, been: very: -conveniontly. brought: inte 
vequisition, The adoption of either, however, depended 


“in. some. measure on the. PasoUTOeS of the gounty in which 






ia works.wwere situated, 


Tn the ‘Punjaub, but, m pencciettie in shape. tats of 





it ‘Tying-on the frontiers. of: tho: North Western Provinces, 


between the Sutle} and: Jumna Rivers, tho excavation: of 
tanks. and water-courses’ has from. time dmmemorial, boon 
a trade carried on by & class of people, nomad in habits, 
who: attach themsélyes to any. locality where: work. ig 
plentiful, and where from the absence of restriction to 
grazing, their cattle can .be allowed to. wander: about 
‘without interruption from enclosures. This class of 
people, who, under the name of ‘ Oades,” may, in their 
habits, be compared. to the gipsy class in Europe, pitch, 
their tents on the works, selecting spots free from. culti-. 
vation;..and in the neighbourhood of a well. for drinking 
water, ‘Their ‘tents are in character. like. those of ‘the. 
gipay. Pieces’ of. canvas stretched on a pole, ‘roof. of 
sirki, a species of matting made of grass, or rough covers, 
of thatch composed. of any sort of material that is, at 
hand, constitute the'residence of an’ Oade.” Hore with, 
his. women, .his cows, goats, and donkeys, the Jattor. 
being the staple of his trade, he appears to live in. ag: 
much happiness and comfort ag the denizen. of civilized. 





ae 
occasional donkey raids on cultivated. tracts, leads ‘a life: 


» of repose, interfering with no one, and, in the absence of 


i wall wants beyond those of mere animal. ‘Bustenance, is ag. 
free and independent as. the gipsy. . 


have: been. collected in ‘great numbers, and even in paris 


~ In the vory extensive excavations that havo beet made, 
in the Northern tracts of the canal, people of this class: 









whidra the .existence. of cultivation _ has been great 
their: atural habits. Thaye the authority. fr mn 
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Me. Road the executive™ attiod, inde wliom they hive 
been. chiotty omployed, that:theix conduct’ is oxenrplary. 
That the only caude of complaint, and that only in tracts 
whore. cultivation - abounded,’ was in’ cattle: trospassing. 
An’ evil which seldom oi ever Jed 'to affvays, or was “in 
itself. caivied to any serious oxtont.’ ~The peoplo, in fact, 
appear to confine thenisolvey to their own class, to-bo 
gutiled by cortain municipal lave, and. to bo suled by 
chiefs “sélected ‘amongst, thomselves.. Cases of misba- 
haviour ave taken up by a punchayot or comitittes; 
the decision of which is accepted a& law, ‘and. never 
‘appealed from to the district courts; A romerkable caso. 
of summary punishment inflicted on an’ intorloper,. who 
~ under the character of an “ Oado,” gained admission into 
8 camp, and married‘one of the Oade women, may ‘bo 
. introduced here in cxemplification of simplo and unso- 
phisticated justice. It will illustrate tho character of thoso 
‘tribes, and show the class of people with whom we wore 
“brought: im comiection, An athletis, fine-looking man, 
-bearing:in’ ontward appeatance tho charactor of one who 
“had ‘been waéd to oxeavating, and in oven'y way like ono 
of thig ‘class .of pooplo, joinod tho: works, and: attnched 
-himeclf' to. an Oade oncampmont;' A love: affnir, in 
Aybich one of the Oade ladies was implicated, lod to nm 
Maiviags between the Iady and the man who. is tho 
subject ‘of the: prosent story, Tho partios, after 16- 
Diaining some”: time in’ the _-oneatipmant, absconded, 
the’ man ‘in question having, by. somo’ act ‘or: other, 
shown’ that <he- was-not.an Oado..- Tho discovery wai « 
‘not made for some days ‘after-the olopoment;: and tho 
parties. must-have proceeded to a considerable distance 
‘before any steps wete taken. No dotectivo ‘police in 
Hurope" could: have acted with more judgmont, ‘secrecy, 
‘and: quieknokis “than: did -a ‘chosen party of the. tribo, 
who weio: immediately: “put. pon the wail, Both man. 
VOL, if, fj / NN 
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and woman were. brought. pack, tried swith all ius form, 
and judgment executed.on the ‘spot... Lhe: award, wag 
by .no,means-a: bad.-one, - either: for treacherous wales, : 
or:for ‘false females... Oade lay painted;both, gontlaman 
and. lady: ine party. -colours., of .ved,. ‘black, cand white, 
seated them. ow: two gaparate, donkeys, swith, their, faces, 
tured. towards the, canimals’ tails,: promenaded, ‘them, 
through the different: “Onde eneampments, . and. finally. 
ejected: them with ignominy: fromthe precinets.. of ;the. 
works.. ‘The whole. of this proceeding was ‘conducted, 
with perfect gravity, and. doubtless to.the extreme satis: 
faction and approval of the collected tribes... This:is one 
out, of many ‘instances of proof of an existing internal 
economy amongst this people, and their independence of, 
action, even under. the eye of the, British. police. Tho, 
Oade-is xemarkable for the large size of the phaora, (Vystes: 
mattock used: in: excavating) which he uses.; It; ig t ‘, 
quently-inlaidvand ornamented, and is quite, peculiar, to thig, 
class of people, The uso of the donkey for, crying earth 
ig almost entively confined to the Oade, who does. not, 
appear to employ either men,.women,.or childven for this: 
purpose. . He is improvident, and appears to be satisfied, 
witha mere subsistence. Time isto him a.matter of indif-. 
ference, : With the nomad habits that:-he possesses, it, is. 
wonderful to: see ‘how he will procrastinate his, depayturer 
_ ftom the ground of an encampment, if le sees the. plig! Lost, 
probability of obtaining work, even ata, distant: period; in: 
its vicinity, For months did Oade encampments hang about: 
the neighbourhood of the Futtigurh Branch Head, under, 
* the hopes of the. channel. being commenced. Upon, and, T 
believe, that whatever difficulty there may-be.in. collecting, 
the parties:on the commencement of'a, new: work, thore.is, 
an equal-diginclination on the Oade’s part.to leaving. when, 
ibis: completed. ‘This, however; is.confined entirely, i he, 
northern. tracts: upon: which the. canals in. these. provinces: : 
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Live: ‘bes whdeitatien:! Tn- tho: Southern Divisions ‘of! 
the’ Ganges Canal works, the namo’ of tho ‘tribe. as eon-* 
tractors is whikuown, ° The’ Onde loveth ‘not the rogions’ 
of townsanid “cities; or the -proximity’of agrioultural: 
industiy."’ His fields ave those whéro his: gotts and donkeys 
cai feed tinmolésted, where ho’ can. otijoy frosh ‘ait and 
drink’ pute water,” Tho ‘tribed appear to dopend i in tholt’ 
acddunts: on a. man selected: from ‘the “lalla,” or bunnia: 
class, who’ imaked them émall: adlveaeos, and arranges the: 
distribution on settling day. This appears to be whivorsally 
thie case when the Oades are workitig in large pavtiods bit’ 
whon detached, ‘or vatrying on works in sinall bodies, the. 
: cash settlemonts’ aré made without the intervontion of any: 
middle-mati. ‘The Oade contractor places implicit belief 
in the measurement mado by tho Buropenii officer, whoxo" 
_ decision in‘all cases is looked upon as a point: not to bo 
disputed. With. this‘ simplo olass-: of people no written 
contract i is entored into; and I am not awaro of its evor 
e Having been abused. At-loast throo-quartors:of the Wastomi 
: Judi: ‘Cantal’ wore" excavated, wider’ my sown stipotin=’, 
tende 100; ‘by coutidotors of this classy» By- fu the grontar: 
\ portion ofthe leading 110 miles*of the Gangos: Canal: 
wotlk avas* done by. tho: seme pooplo; “many of theta 
- ghildien'of:those who had done go. much worlefor mo on the: 
Basten Jumma, TL can spoak frocly of thois: habits-ag 
orderly ‘dnd quiet to. a dope that could havilly bo under: 
stood y tht: sito! neve rosiddd i in tho: ae recrateh of, 






+f 





“Bosides’ the: Guan! sian avo stinsSoonil Sth aig 
of ‘excavators; avhiose™ océuipation, * howovoi,:-does not 
~ aiyeas tobe cottfined ‘to digging. «In such a largo “hody: - 
of Works’ each--nnd “all:of thaso classes: ‘are reprosentoil: 
owith’thove“ ot less benefit to “progtess, “Reforenco) will be 
AA to thon in: tho-dotadl Of oxotvationy: 698 ee 
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~ Daily. aid monthly labonsars have been dhiefly con. 
“fined: toy detached. works: in: the: Northorn Division, : to 
“excavations for masonry works, and in the Cawnpoor 
.. District to parts of the canal ‘channel. : In: malcing uso of 
~ this species of: Iabour, however, task works is-domanded, 
-that is to-say,-onch-man, o? each party of men are hound 
“to do.a given’: quantity. of work, a failuve:in ‘which leads 
» toa veduction of pay. Aw able-bodied man ig supposed 
“to execute 88°88 cubic: feot, per day. Cooli- ot! carringe 
labour-is dependent. on the locality, and the distance’ to 
which the earth has to be removed. : I ghall enter on this 
subject: more fully presently. As a rule, thére can -be no 
doubt. that earthwork, especially that in embankments, is 
better done by daily labour: than by. contractors... The 
formes is dearer in its original cost; but whexo embank- 
ments of made carth are spores it i, : ae in 
_ the:end. cheaper. geht 
With :theso -prefatory- rain i shall eter: upon: Q 
‘description of the canal excavation, separating: it ‘into 
sections’ or Jengths, due to. the quality of ‘the soil: wwith 
which.we have had to contend, ‘Under this. ‘considera. 
tion, the Sections which I have cniumerated* eleawharo 
appear to be the natural divisions into whicli the doserip* 
‘tion -falls,. -. Three: gront -divisions, consisting of shingle 
tothe north,’ sind in the centro; and-clay -in' the lower. 
rogions, offer in abstract. ‘statement. of tho: vatira! of 
‘ony excavations. These, with modifications ate to" local 
aaa give us the following: i POPE oh Oy he 


I Frox acto) ini TO Roorner, © 


‘A. ‘Supply Channel from the Ganges to’ Myapoor 
By -From-Myapoor to the Puttxi Super ~passage 
“Q.From: the - Puen Super-passage to the Ratmoo: 
HcCecCOR pened ot 

‘D “From the: Butino0 River to tho Asiottiigari 3 Folly, 
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JAY Supply yy Channel Sion the Ganges to Dy yapoor'. 


“This oxéivation: consists of 9: haamat éxonivatod 
dough the bed: or brench-of the Gangés, froin a‘poiitt 
above the town ‘of. Hurdwar to tho dam and rogulating 
bridge. at Myapoor, Ii. ineludes:also very hoavy oxcavar 
tion in :the neighbourhood of the Myapoor: works, tho 
construction .of ‘bunds, and ‘a: quantity of shingle work 

‘subordinate: to the purpose of taking -tho: wator from’ 
the riain Ganges. This excavation is entirely in hoavy 
‘shingle; or boulders, many .of’them of largo: sizo, and 
the whole: very -compactly,: embedded. The work: is 

_difficult.:and ‘expensive, and ‘very destructive to tools. 
Tho-length of éxcayated channel, from the Ganges “to 
the -Myapoor Regulator, is 14,750 foot. Its width 800 
feat, and its average depth 7} fect, _ Tho slopo of bed. is 
equal to 8°59 foot per milo. 

‘on: the-dam, on ‘its. down- stroam aula) aonb of 

proportions and -slope of:bed. to that -abovo''do- 
seribedy “also.‘exéavatéd in ‘shinglo, has ‘beow comploted: 

Thik, atid tho extensive clearaticos in tho neighhourhood. of 
the: works;: including ‘tho oxenvations of tho. rogilating — 
bridge; ‘wore: done«partly by: contractors and ‘partly: by 
daily peopla,: Tho rates vary considerably, depending on 

‘the position and depth;. but-they average on: tho.whole 
rei A-5ek- por 1,000 -oubio -foot, “The maximum: being” - 
ts. 6-641) "and: thé © minimum « ¥8,.2-5-10,!. when «daily 
labour was used. ‘The tates to contractors per 1;000 cubic 
feat: were 18, 6: sind 1s, 1-8-0: respectively, - I may ob- 
dor'vé, that, between the side of tho high bank,.on< which 
the: Gunes ghat. was: formerly situated. and the regulating 
bridge, the distance: is: 850. foot. - ‘The excavation on’ this 
Uno was-thvough an upper soil of a vory tontcions élny, 
ns with stibstvate: of boulders}: the total depth being 21. faot, 
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~ Be From My yepoor to the Putri Super passage. 


“The excavation. on this Jin was the. first that was 
“ahdertaken on the Ganges Canal. works; it was com- 
“) ameneed: on the 16th April;- 1842,-on ‘which day the 
: fhet ground wad “broken, The ‘worl, was ‘taken’ up’ by 
“, Séontractors of a variety of deseriptions, the greater numbor 

of the clasd which I have shove mentioned under the 
“name of Oades. It was distributed in a Heagth of ab foet, 


_ and the rates were fixed at 
8, 


oe 
a 


woe ee . 
From surface to 5 feet in depth ., at2 0. 0 por, 000 exible fect. 

hi yy 5 feet to bottom ee MD BO yh ae yy 
Boulder or gravel at any depth as 0.0... on rar 


Tho excavation was commenced under my direct orders 
“by Mz, Thomas Wright, an assistant. executive officer, 
who died in 1846’ after doing much good service. Captain 
Bishard: peveey of’ the Engineers, Howeret who; hl 


‘of the sleet and of oie the: rons | ona 
proper footing; and I consider. that:much.of the mothod 
’ and order which. ultimately prevailed,’ ig due to thie indo- 
fatigable. energy and well-known talent of ‘that. ‘offoe:, 
With the exception of the tract immodiately i in conection 
with the Rahipoor tovvent, Which’ was'sand, the’ line fiom 
“the Myapoor Regulator consisted of ‘a gnpersoil: of a good 
fom: clay; uninterruptedly tothe: neighbourhood:‘ofthe . 
-Ranipoor torrent, :.From whence to the: Putizi it. became 
“move. mixed with sand, with occasional traces of. shingle 
‘shown i in: detached ‘pebbles, The substrata. throughout 
-Avex@: sandy, ‘although forthe tio. leading mileg:-of:itg 
‘course,’ as far down-as tho site of the: bridge at Kwikhil,:. 
“othe: excavation: one ‘the: lower b feet was: ‘throtgh: heavy : 
-Bhiigle,? 
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On. this Ss of which tho goctions were as 
follows :-4 : 


wy 


. : ‘Glgen 164. 
2 Pigs 1, vom aydpoor to the Rantpoor Porrent.! : 





no spring-water’ was mot with, The averngo dopths on 
fig. 1 may bo estimated at 18°6 fect, 

«And the maximum at,.25'08 feet... 
rn np - Mintmum at 4°80. 4) 
On. fi. 2 tho ayerago depth was.165 foot; 

» Maximum 2: 7B. fect, 
Minimum 10°78 » 

oe rates per: ly, 000 oubic. feet ‘al bo understood from tho 
following, table ;— Pelee “i ; i 


Bon’ finan 46 ann por + 1,000 utile ‘lp 
a avenge on wholo ..., 
Ranipoor to ‘Pat, Bet, 1,000 “cubis fio, 


Be ‘on 2 Whole ! 












0-10 © 










; hig é ig: porhaps: the most inbovesting: ne of woul that 
has been excavated: “It embraces the whole of the digging 
Avbiehj as Tshave explained inthe early part of thia papor, 

depended onthe retropésition of the falls, so ag to onablo 
thei Puttal torrentto be passed over instead. of: through 
the: canal channel... -The Jength is oqual: to 16,810 foot. 

8. douse: it: passes through ‘a 2idge. upon -which:-tho 

ages of Gurh ond) Saynibas axe. situated 3..ond will tho: 

: exception ‘of the:supersoil to. adopth of from 7} to 20 took, ~ 
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it is entirely excavated through carth imprognéted with 
springs. 

J have in the First Chapter, mdor the hond of Super- 
passages, described the arrangements that wore mado at 
the Putiri super-pasdage for enabling the masons to work 
on the lower levels, lying 17 to 21 feet below tho surface 
of the spring-water, The plan that was adopted thero 
was pursued, on the line of excavation which I am now 
doseribing. The work was tedious and very oxpensive ; it 
required, moreover, the constant vigilance of an active 
aupervisor, to see that what wes dono in one day, was not 
hy the action of the springs undone the next, Tho 
naitre of the country through which this digging was 
executed was that of the Turai, before explained. ‘Tho 
apring-water, which in the ‘ Bhabur” belt is kop down 
by impervious superstvata, rises immediately it escapes 
from its bondage. At the Badshahpoor nulla, which is 
situated within 6,006 feet of the Rutmoo, and which is 
intersected by the canal, water rins in a perennial stream. 
The difficulties of excavating this portion of the canal, 
may be comprehended by roferring to the stream in 
question, which naturally runs on a level of 8:18 foct 
above that of the canal bed, This nulla was morely on 
external exhibition of ihe'spring level throughout the 
whole line of country to which I am now referring. 

In tho excavation for the Puttri super-passnge works, 
it will be recollected that advantage was taken of tho fall 
of country at right angles to the canal alignement, to 
cary a ditch from the canal in tho direction of the slopo, 
80 as to give an escape to the ‘water as it collected in tho 
excavations. The cffects of this escape were in tho highest 
degree satisfactory. Under careless superintendonco, it 
would have been useless, With tho enorgotic supervision 
that it fortunately had, it was maintained in an opon 
state throughout the progress of the work. It wag thig 
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persevoring managomont, that enabled Mz, Login, tho 
officer wider whom tho work was oxcouted, to malo any 
progress at all. The detormined opposition of tho springs 
acting in sand and mud, could only bo oyorcomo hy tho 
most minuto vigilance, and by tho constant application of 
remedies, 

After removing tho supor-soil, or that wnconnoctod 
with springs, an oscapo similar io that which wns oxeeutted 
neat the Puttri works, was made near tho Badshahpoor 
nulla, The distanco from tho Pultri to this nulla is 
10,804 fect, so that, in making uso of the Badshahpoor 
escape for the relief of spring-wator during tho oxenva- 
tions, a considerablo slopo was availablo, Tho diroction 
of the spring current was from north to south, or from 
tho high to the low land. Tho canal channel intorsected 
this ab right angles. Mr. Login’s plan of operations will 
be best understood by diagrams showing tho line in plun 


and section. 
Diagram 166. 
Tigel 


=a = 


SAYNITAS fe i 





Lig. 2 
base onal Srese/ et piety Sane Be cee 





Tho truo section of the canal in its full dopth is 
represented by the dots. The way that this was venchodt 
will be understood by tho shade O, fig. 2, which roprosonts 
a ditch or cunetle, in this caso 9 catch-drain for tho 
spring-wator which flowed in tho dixoction of tho avows. 
This cunette was carriod along tho wholo lino of oxcava~ 
tion, and terminated in tho oscapo No.2. Both eunotlo 
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and escape were maintained in a constant stato of #Mficioncy 
as regards tha free run of water. By the interposition 
of the cunette C, that portion of the canal channel 
at D, fig, 2, was excavated without troublo, as it was 
entirely cut off from its spring supply. The process was a 
vetygradyalone, As the depth of the eunette was increasad, 
so did the portion D become relieved of its difficultios, 
Tt was an operation requiring especial cave; and in a 
pecuniary point of view, the greatest attention 10 prevont 
the work of one day being ‘obliterated hy the action of 
springs dung the night-time. The whole was completed, 
however; and I consider it to have beon one of the most 
satisfactory works on the canal. 

The section of the Northern Division figured on the‘ 
opposito page shows the levels of tho springs, on the 
whole line from Myapoor downwards, ‘To this I would 
especially dvaw the veader’s attention. I may observe, 
however; that between the Puitri and the Rutmoo, 
their maximum depth below the surfacd of the country 
was only 74 to 20 feet, whereas the depth of channol to 
be excavated was equal to 27 feet. Tho greatest dopth 
of digging af the Gurh ridge was 42 fect; but this 
extended for a short distence only, The soil is more or 
less sandy, although mixed with clay, which, judging from 
the excavations and the block sinking at the Puttri works, 
lies in a narrow irregular stratum, without any continuity. 

The work was done partly by monthly paid labourers, 
and partly by contractors, on rates ag specified below :— 


REAL P 
Avyeage :  .  . «2 Ad O per 1,000 eubie feat, 
Maximum . . » 42 0 ” n 
Minimum . ‘ » «. 1M Oo » » 


D. From the Rutmoo River to Roorkee, ov to the high land 
af the Doabs 


The valloy of the Rutmoo, which is about one mils in 
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‘Solani, Yale, over “which : {nique 

structed, The. aqueduct: delivers , tho. canal. tiniiel | on 
Roorkeo, at which point, ‘haying entered. on tho, hi gl’ land 
‘of the domly) it may bo considered. to: havo assod He 
‘difficulties. Q 

“As tho description of: the widlo of ‘ite Bolani ‘Ace: 

‘duct: works, including the: embankments, the’, oath. for 
paki | ‘hich. has, boat’ Decne Ina oe maen 












“t the yom Kulleour ridge, aud the wight flank of tho a : 
on thet, river, with general remarks on ne rues digging. hs 





:  tEhe fortiey: yas “dono by contsitare; oo 
tor ty monthly paid Jabouvors, 1 ah 


“Wiagee ama 107. 


‘the right embankment, being made, of additional, “hoight 
and: width, and. both of them’: ‘ 
Peeran Kullecur vidgo havin 


en Inid cout on extended. 
“dimensions, cai 
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The depths of channel digging, to gain tho true canal 
levels, did not excced 6 fect; the banks, therefore, havo 
been a very important part of the undortaking ; they havo 
been well consolidated, howover, and their proportions 
are on a large scale. 

The average cost per 1,000 cubic feet was— 


Maximum 
Mininum . 


ae 
cop 


cn 
' 8 
6 


1 


Although the rates of excavation in the Peoran 
Kulleour ridge are explained in detail when describing 
the aqueduct works, I may mention hore that the depth 
of digging in its maximum dimensions was equal to 
87 feet. The cutting, in fact, through this ridgo, with tho 
exception of a hollow near its southern limit, averaged in 
depth 81 feet. The soil consisted of parallol strata of 
sands and clays, perfectly horizontal, and corresponding 
with those on the Roorkee side of the Solani Valley, 
There wore clear traces of a superficial deposit, probably 
of great antiquity, overlying an ancient surface, marked 
occasionally by depressions, in all probability those of drain- 
age, This cutfing was most remarkable from the presence 
ofa stratum of blue clay 8 feet in thickness, like that which 
is commonly found in old tanks and reservoirs, connected 
with ona of a reddish sand, roplete with traces of carbon- 
aceous matter, exhibiting themselves in form and appeny- 
ance not unlike those connected with the lignite deposits 
so commonly found in the Sewaliks. Although a portion 
of the excavation, especially that near the villago of 
Peeran Kulleewr, was done by excavators on contract, by 
far the greatest proportion of the earth was carried either 
to the Rutmoo or to the Solani embankments by railway. 
Tho cost per 1,000 cubic fect, in the first case, may be 
éstimated at rs. 8-0-5. That on the railway work runs 
through variations depending entirely on the distance to 
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which the carth was carricd, tho avorngd on a gronb 
numbergot rates, giving a cost of rs. 8-11-4 por l 000 cubie 
foet of excavation, 


Il, From Roorxen to tan Nayoon Raaviarons. 


A. From the Aquoduct at Roorkeo to the 110th milo. 
B. From the 110th to tho 180th milo. 


A. This line of digging, passing through tho Saha- 
runpoor, Muzuffurnuggur, and Moorut districts, was 
commenced in 1842 gimuliancously, ov nearly so, with 
that in the Khadir, Tho works were organized undor 
the management of Caplain Twmbull, of tho Engincors, 
and the canal channol was begun and comploted almost 
entirely by tho Oade class of excavators, In 187, 
Captain Tumbull was relioved from his dutios by Liou- 
tenant Hdward Fraser, of the Engincers, who rosigned 
hig charge to My, Tvederick Road in tho month of 
October, 1850. 

The rato allowed to the contractors variod in thé first 
ringtance ftom rs, 2 to 24 per 1,000 cubis foot. ‘This 
gradually sottled down to a fixed standard, on which tho 
work was carviod 10 complotion. Under this standard tho 
rate allowod for a canal, tho rectangulur width of which 
was 180 feot, and dopth 10 feot, with slopos 14 40 1, waa 
équal to rs, 1-14-0 por 1,000 cubic foot. To dopths bolow 
10 fest, tho rates were fixed at rs. 2-6-0 per 1,000 cubic 
fect. Tho carth, in all cascs, had to bo carvicd on an 
average to a distance of 150 fect. 

The system on which tho contract work was por- 
formed, was simple. The contractors, (each of whom 
had a portion of from 50 to 100 fect in longth of tho 
channel allotted to him,) gavo thoir work out fo their 
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Inbourers oy to sub-contractors at 18. 1-8-0 in'the frst 
case above mentioned; and at rs. 1-12-0, or a4. 2-0-0 
per 1,000 cubic feet in tho second. They (the con- 
tractors) finding the tools (phaoras and baskets) for the 
labourers. 

Three able-bodied men will excavate and carry out 
250 cubic feet per diem, and earn 6 annas, or 2 annag 
each, when the digging is not more than 10 fect in 
depth. 

The actual ratés at which this portion of the canal 
channel was excavated, were 28 follow :— 

From the Roorkee Aqueduct to the 50th mile, the 
rectangular channel being 140 feet in width, the rates 
wore is. 2 pex 1,000 cubic feet, to a depth of 10 feet 
from the surface, below which the rate was raised to 
1s. 2-8-0, 

From the 50th to the 84th mile inclusive, the rec- 
tangular channel being 180 feet in'width, the rates weto' 
rs, 1-14-0 and rs, 2-6-0, under the same restrictions, 
with regard to depth. 

From the 84th to the 105th milo inclusive, the roc~ 
tengular channel being 120 foot in width, the rates were, 
xg, 1-8-0 per 1,000 cubic feet, 

From the 105th to the 110th milo inclusive, the rac- 
tangular channel being 110 foot in width, the ratag eke: 
1s, 1-8-0 per 1,000 cubic feet, i 

The whole of the levelling and smoothing off of tho 
embankments, togother with the finishing of slopos, ig 
included in the above-mentioned contract, 

There are numerous curves on this line, the leading 
one of which commences at the down-stream terminus of 
the Solani Aqueduct, This curvois described on a radius 
of 6,617 feet. It is necessarily abrupt from tho cirowm- 
stance of the relative position of the aqueduct to the 
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direct line of excavated channol, to both of which it forms 
iangentay Its concave ov xight sido has boen protectod by 
By caueorite revetment. The Liburheri curve is a gradual 
one, ona radius of 67,456 feot, Those from Bailra to Jnoli 
ave, on radii of 44,480 fect. That at Sulawur, 4 milos; 
and the greaf curve to tho south, which brings the canal 
to boar upon the country lying betwoon the Kuroon and 
the Hast Kalli Nuddi rivers, may be described as a polygon 
with the comers cut off by curvos on radii of from 8 to 
5 miles'in length. 

The supersoil throyghout the wholo of tho country 
from Roorkee to the 110th milo consists of clay overlying 
sand. The depth of this superstratwm of clay varios from 

+10 to 4 feet. On the whole tract, tho surface of tho 

“ country is marked by sand ridgos, which appear most 
prominently between Roorkee and Muzuffurnuggur, ad 
well as on the line from Bailra to Khutowli, These sand 
ridges appear again in great forco in tho noighbourhood 
of Sirdhunna, No spring-water was mot with in oxca- 
vating the canal channel, although tho foundations of 
magonry works camo in contact with it at all tho, works 
from Sulawur, dowiwards, As a chavactoyistic fealuro, 
the whole of this lino through which oxcavation was 
carried, may be considered as sandy. A groat portion of 
it was land used cither for khurroof ox vain-crops only, or 
for cold weather crops sown in dependonco on tho rain 
that falls during the months of Novomber, Decombes, 
and January, It is vemarkablo for its dryness, spring- 
water heing found aot greal depths., The excavation on 
tho whole line may bo considered ensy, and progross was 
carried on without any interruption, 

Thero are two points on this line whoro tho lovolg 
of the canal bed wore so little depressed below tho 
surface of the country, that it has boen nocossary to 
raise embenkmonts to complete tho canal channol, Tho 
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“qnkus of ‘the works. at thage points aby: he estimated “by 
the following diagrams 1 © 
~ Diagram 168. ~ ; 
pee Seotlon of Gant at Toghnipooy, : 





Diagram 169. 


Seetion of Canal at Moradauggins 





The shaded portion represents the artificial work; which 
is made ‘of-carth, well: rammed and watered;: builj in 
layers: of 2 fect in: thickness, These embankments 20 
sittiated: ab Toghulpoor, and ‘at’ Moradnuget ie 
former: case, the length is equal to 4,900 fect in ‘the. 
latter-to:.7,100 feet. The earth: required hag been- ool- 
lected from superficial excavations in the neighbourhood; 
excepting incextraordinary eases, wheve,'as at the Toghul- 
poor: and Moradnuggur bridges, a deficit in material has: 
been made up by digging circular tanks, contrically situated 
on. théright angles formed: by.the bridge vampa and tho 
canal embankments. As the greatest cave has beon: given 
in the construction of these works, I do’ not consitler that 
they will lead to disappointment. © I. am ‘not quite: satis-., 
fisd ‘with the outside hollows from which the’ carth. has. 
been taken. They have now, however, existed for ‘some oe 
years without giving anvoyance, and it. is, thoreforé, 
possible that from the absorbent nature of the soil, the 
water that would otherwise collect. is rapidly’ absorbed. ° 
I have dix no case-allowed inlet to“ be ‘cairied | into the. 
sami channel fox: vonsons which havo een fully oxplained 
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- jistoves <3 Should: Aifienltios,. ‘théreforo,, exist hor entten, 
drainage, cuts, in the-way which . hes beon Iaid down 
“for-guidahee, must be excavated, so as to. comnedé these 
“hollows with the low land lying near the beds-of tho rivors 
on the vight and:left.. ‘The rajbuha system which entails 
--guch a; reticulation of watercourses over the: surface’ of the 

country, will so‘completdly change and modify the natural 
water-shod, that-until- its offects aro shown, it appears to 
“me to be unwise to lay out drainage cuts, oxcopting such 
- as‘are indispensably necessary for, prosont purposes, 

The excayation of the three escape channels:at Kliu- 
towli, Mubummud'Aboo's Nulla, and Janni Khoord, was. - 
‘earried: outin the same way-as that of the main trunk, 
From its reduced size the rates were reduced to 18, 1-8« Des 
per 1;000. cubic feet, 

_ yu he rates of digging, including oiticinenelée of soite, 
: may be understood from the following. table taken from. 
: the bills submitted by the different. executive officers who.” 
as held.chnx ge.of these works, 


aes nan ater tn 















ee Rate pow 
om what Locality 1,000 out foots 
eae RH Aes TB”, 
‘Lion. ALD, hmbull Wyom 24th to 50th inilo 2° 4. ee : 
Tieat, Ef Tyasor, Fr hn 2.0 11'9 
” hey Cece ee} oy 2-425 
wreath |», Sot to'ItOmm mile | 1 15 10-4 
Mr, ByRead eas ro ” LB OM 
Eh yghsil agepa cee ne ay 2 1 AB. 
LS WEN cer 2dth to 50th ‘ella “P23 OTL 
aan = both to oth: milo| 2° 0. 492 





: Bp From ihe 110% to the 180uh les orto ata Nanoon 
cs Regulators. ca eh 


ot The excavation : a here was ‘done siden the manago- 
ment, of Mv. Philip Vole. “The dimensions of the-canal 
YO Th : 00 
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in their extremes are shown in tho following dia- 
grams. 


Diagram 170, 
Section nt the 110th mile, 





Diagiam 171, 
Section né the 180th mile, 





The work is carried through the Moernt, Bolund- 
shuhw, and Alligurh districts. The soil is of a better 
description then that of the Saharnnpoot and Muzuffar- 
nigeur districts above described. It consists of a good 
earth, although sand shows itself, more or less, at depths 
even with the canal bed, The country is, generally 
speaking, highly cultivated, although, in the neighbour- 
hood of Kiporja, where we again come in contact with 
sand ridges, and in comparatively low ground in portions 
of the Alligurh district, cultivation is less abundant, 
Springs wore not met with in the excavation of the canal 
chapnel, although, in the block foundations at the Simra 
Falls, we come in contact with them at a depth of 94 
feet below the level of the canal bed. Ag a goneral rule, 
the soil is better hero than it was in the line from 
Roorkee to the 110th mile. ; 

Tho highly-cultivated slate of the country acted as a 
bar to the Oade contractors taking up work under Mt, 
Volk. They carried on progress up to the head of his 
division in prosecution of the work which they had begun. 
under Mr, Read, but they refased to commenco a new 
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series under the difficultios offored by cultivation to tho 
maintenance of thoir catile. Tho carly part of Mx, Volk’s 
operation’, thoreforc, were prosccnted undor many inter 
ruptions, but of a nature so similar to thogo that T mot 
with in establishing tho works in 1842 at Kunkbul, that 
I cannot do better than describe thom in Mr, Volk’s own 
words :-—~ 

At the beginning of the excavation of tho Third 
Division (that is, that of which I am now writing), 
considerable difficulties were experionced in procuring 
contractors and labourers, although, previous to the com- 
mencement of the works, many parties had forwarded 
applications for contracts, The cause of this koeping 
back was said to be dissatisfaction with tho rates, and tho 
hope that by delaying, more favourable torms would bo 
offered, Several parties that had already commenced 
work left the canal, declaring that they could not continuo 
to work at a loss. 

*Sevoral months passed away, during which timo T 
gommencod working with small partios of daily labourers, 
which measure had the bonoficial effoct of convincing the 
contractors that their intriguing would not provail on mo 
to raise, the vates. Tinally, work commenced under 
contractors. 

“Tho rates for excavating 1,000 cubic feot vary from, 
19, 1-8-0 to xs. 2, according io tho naturo of the soil, 
the depth of canal, and the distanco to which the oarth 
is to be carried, For this sum, tho contractor ongagos 
to dress the slopes, towing-path, and banks, to mpko all 
the vequired daghbels (linings-out), to oxcavato tho 
boundary ditch, to make a road along tho canal as fur as 
his contract extends, and to keep the samo in ropair 
until his accounts are closed and sottled, 

“* No advances of money wore given, - Monthly, onco 
or twice, payments wero made for tho work oxccuted, 

ao8 
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keeping one-fifth to one-sighth in arrears, aa a security 
for the faithful execution of the agreement on te part of 
the contractor, 

The contractor had ‘to furnish his own tools, 
keoping them in repair at his own oxpense.” 

The men who were thus employed on contract work 
were of all denominations, many of them taking up long 
lines, The maximum extent of any single contract wag 
equal to 8 miles, the minimum to 100 feet, Tho work 
has been very neatly executed, although there appears 
to have been more trouble with contractors of the sovt 
engaged on this line, than there was with the Oade 
excavators, In all cases of contract, moreovor, written 
papers were signed and sealed before the work wag 
begun, and upon the letter of these agreements the 
work, was executed. 

Throughout this line, the berm, or towing-path, hag 
been formed on one leyel with reference to the canal bed. 
Where the natural surface was too high, the superfluous 
soil was removed; where too low, soil was addod to it, 
The whole section is on one uniform design, without the 
irregularities that have been described as existing in the 
tracts below Roorkee, and as far as the 110th mile; where 
the nature of the soil, and the extreme depths to which 
the excavations were necessarily carried, wore opposed to 
n perfect uniformily of berm levels, 

From the 176th to the 179th mile, a good doal of 
ombanking has iaken place, the necossity of which will 
he understood by a reference to tho longitudinal section 
of the channel, The earth vequired for these embank- 
ments hes been procured by excavating tanks or yesex- 
yoirs on the outside of the canal boundaries, 40 an oxtont 
equal to the cubic content of material required; the 
depth of ench tank being limited to the rates of snperiicial 
digging. It has been an object here to mako these tanks 
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as deep as possible, without proceeding beyond that due 
to the abpyvo rate. The depths, therefore, do nol oxceed 
10 feet, which it is supposed will bo sufficient (if tho 
tanks aro kept filled) to prevent the growth of wator- 
plants. Té is proposed, also, that thoir proservation fvoo 
from seeds and vegetation, should bo considered a part of 
the conservative duties of tho division; that means shall 
be taken for keeping thom filled with wator from tho 
rajbuha hoads; and that they shall act as supplios for 
machinery irrigation to the lands lying on thoir borders. 
There was a choice between fio evils. Wither by taking a 
superficial foot from the country, by which the carriage 
of material to the banks would have becn cnormously 
expensive, and a vory extensive depression of surface 
would hayo been carried over large arcas, loading to pro- 
bable inundation during the rainy months. Or, by 
excavating deep reservoirs, which, whilst they affordod 
matorial for the required purposes of ombankments, acted 
as recipients for the xain-wator, which in tho formar caso 
would have been scattered over the surfneo in tho form 
of inundation. The position of the canal with roforence 
to the beds of its boundary rivers, is auch tft thera can 
be no difficulty in getting 1id of inundation. 

The rates per 1,000 cubic foot for excayation, includ. 
ing contingencies, are shown in the following table :— 


RA 
Main canal +4. 4 L (2 8 per 1,000 oubio fect, 
Escape channels . » 1 6 0 ” ” 


III. Cawxroor Terwinan Linz. 


The excavation of this canal was commonced in the 
cold weather of 1849-50 ; the leading 100 miles udov the 
management of Lieutenant Tlodgson, and the last 65 undox * 
that of Lieutonant C. W. Hutchinson, of tho Bnginoors, 
The work was completed by the former officer. Tho 
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dimensions of the channels on its extremes, are shown in 
the following diagrams :-— 


Diagiam 172, 
Seotion at the head, or tat mle 





Diagram 178, 


Scotion at the Duknapoo: Bridge 





The state of the country through which this line is 
carried is, generally speaking, well cultivated. It is 
richly so at many parts, especially in the Cawnpoor 
district. Elsewhere it is traversed by extensive plains, | 
but where these are absent the cultivation is of a high 
order, he existence of thege open plains is dependont, 
in a great measure, on the presence of reh, or soda, with 
which the soil is impregnated. Tho surface is hard 
and intractable at these points, although tho subsoil is 
worked withéut much difficulty. Kunkur presents itself 
in great quantities throughout the wholo of this region. 
Tt appears to me to be almost univorsal, Whero it is not 
found in block, it is found in gravel; and as the wholo of 
it is highly calcarcous, its prosence is a great resourco in . 
masonry building. The presonce of reh is very detvi- 
mental to earth required for brick-making, although, in 
other respects, time only can show in how far it will 
affect the value of the canal as a channel for distributing 
water to the itigators. From the observations of the 
fow years that have elapsed since the excavation was 
begun, I should conclude that the soil throughout is of & 
very retentive ndture, and that in this respect it will be 
favourable to cconomizing the supply. 
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There appears to have been greator difficulties hore 
even than in the Bolundshuhur district in gotting con- 
tractors, i in many casos, in collecting workpooplo at 
all, This arose, undoubtedly, from our having arrivod 
at a still greater distance from tho tracts froquonted 
by, these people, and in all probability from n dosixo 
on their part to forco us into an increase of ralos, 
Lieutenant Hodgson, who had the control of that por- 
tion of the line passing through tho Alligurh and Myn- 
poori districts, commenced oporations by ostablishing 
two classes of excavation, viz., one confined to that of 
the rectangular section, and the other for romoval of 
the slopes, For this, he determined averages of 
rs, 1-14-0 and xs. 1-10-0 per 1,000 cubic foot: the first, 
on the carly part of the ‘linc, whero the width of tho 
yectangular section varied from 80 to 644 fect in width ; 
the latter, on its decrease to a width of 40 fect, IL was 
upon these rates that my ostimate of 1850 was framed. 
Circumstances, however, which can bo bost oxplained in 
the words of Lieutenant Hodgson’s own report, noccs- 
sitated an increase, and thero can bo no doubt that such 
was justifiable, Licutenant Hodgson obseyved :— The 
rate of rs. 1-10-0 per 1,000 cubic foot of oxcayation was 
fixed by me, under tho belief that contractors to whom 
I had given out work wero carrying it on withont difil- 
culty at the rates of x8. 1-8-0 to rs. 1-4-0 por 1,000 cubis 
feet, for the mere excavation of tho icctangulay section 
. of the channel, exclusive of slopes, and the final foxma- 

tion of banks, for which 1 calculated thet only o small 
* addition to the rate would suffico. 1 have, howovor, sinco 
then found out that for a distance of 12 miles, through- 
out which I had broken ground, the contractors havo 
been paying their labourers at tho rate of rs, 1-8-0, and 
rg. 1-9-0, for the mere excavation of the contrical part of 
the section, and throwing tho carth into iyogular banks. 


‘on Tite: CANAL CHANNEL, : fRaRT at 






work “being - only ‘oatried: on by. thenns “of 
ag to the-contractors (on which plan alone fi Lid IT find 
“it possible to obtain them), it was.not for some ‘time'that 
‘ iscovered. that-this had been the ase ; nor, indeed, 
S tuitil very. Jately,. did: Tmake myself. certain of the extent 
to which it: had. been carried; aud since. the discovery; I 
> yogret, to say that work. has altiiost stopped, owing tothe: 
“labourers: refusing. to work ot rates very materially lower, : 
-Indeed, whilst working. af the: high vatés I have ion. 
"toned, I. was: continually met by complaints from them 
of: the stall remuneration: their Jabowr obtained.» How- 
ever, that. a: vate. lower than those will be accepted by: 
“them, after the lapse. of. little ‘timo,’ I-have ‘no. doubt, 
‘from: the experience in the other parts of the workings ; 
yet it is perfectly clear that.a higher rate. must be allowed 
than: I. formerly supposed, and this.more especially. in all 
‘the shallow diggings aud. oosur (reh, or soda): soil; which, 
it’ the: advanced. part of the ling not yet: epatied agen 
prevail toa very great extent.: 
ieee That in some paris. of the lagt 80 miles of the 
‘digging, the vate of the finished work will, nob-excodd 
tse l-10-0 pee-1,000 cubic feet, [hopes but.that that will, 
“be. tho. lowest-seoms clear, for I-aim now in. several places’ 
- ompleting portions, including the formation of: banka; and 
the. extrd payments for the latter work, and algo for:éut- 
“ing the slopes and making the boundary ditches; hare 
brought the cost up to 18:-1-8-0 ‘per 1,000 ‘dubie feet: 
» To this will have to be added a small amount for plant-. 
ving: grass on the slopes’ and-also a per- centage. for ox" 
pense of establishment, which‘will: leave qlmost: nothing’ 
to provide. for, keeping in good ‘order tho’ slopes: and 
banks previous to the completion of the several miles o1 
: which. bills will be submitted, I aiust lac 
‘of the “‘sworks ‘are. either thé cons. 
Or sativfiod ; of the: rivers L sui vper=" 
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feetly aware that the: profits have eon nathing. senvcely, 
and the. latter do: nob” on’ an average’ ‘pak anything 
appronelling tothe usual ‘daily payment of six pico that 
prevails. in the. department of. public works, My-oxpori- 

- ence from ‘actual excavation of the work: as yob oxtonds 
‘as fax'as the b6th. mile’ to a width a bottom of 87 foot; 
do that I can only judge of the probable cost of the lower 
“part of the division very imporfectly ;° bub-it is clear that, 

“ds far as: we haveyet. gone, the rate per 1; 000 cubic foot. 
has: not. decreased; but, on the contrary, iniotedaedd with. 
the ‘smaller. dimension iof channel. This can ‘only bo 
‘accounted: for: onthe: supposition that. the: class of 
‘Tabouters requited ave“ more abundant’ at tho head ‘of 

* the division than in. the lower parts. At the same time, 
I find that the proportion of ‘carriers to diggers amongst 
the Squad of oneacn ies ane: differ ‘in Sead 80 feot 
any decrease: in. the rate: oan te made for decrease ‘of 
‘width’ of channel; whilst the cutting away of slopes) the: 

: on of banks, and the contingent expenses, remain 
tho’ -sanie ‘for ‘both’ sactions;: and: consequontly bear we 

“Manel, greater’ proportion to’ the’ plain dtgging * inthis’ 

“hattow ‘than in: the wide section, thereby causing rethor.” 
flit increase than a ‘Aecrease : ‘ts tho rato: ag the canal : 
narrows. 

SETH shiespest parts of: the. diggin ato: tho deopest, 
atidisuch ave tho partyin. which: I. have’ ‘stated that I 
au: completing work ‘for 1g-1-8-0 por 1,000: ‘oubie foot. 
The reasons of the ower cost in ‘such parts ave obvious, 

they ‘being. always :in cultivated lands, and tho ‘harder’. 
suiface ‘soil aud: the stratum of kunlewr (aivarinbly to bo 
ett: through): beating a much: smaller’ proportion-to tho 

softer! wider soil.(generally in such ae portly 
sand): then in'shallower‘places, 

0) Lhe 19iniles Thave: before. alluded 6a are froin tho 
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46th to the 58th, throughout either not oxceeding 5 fect 
in depth, consisting of oosur soil, mixed intimately with 
small kunkur and bujri, all unfit for use froni its im- 
pregnation with soda. There are also paris whore tho 
Iumku: formation is partially consolidated, which is very 
hard to dig through. The latier parts ave of course 
exceptional cases, and tho high rates there will admit of 
explanation, At present no one will dig in them. 

To state, then, the rates which appear to me now 
likely to cover the expenditure :— 

“From the head of the division to the 60th mile, on 
the whole number of miles, and exclusive of the embank- 
ments in the 20th and 27th miles, vs, 1-14-0 per 
1,000 cubic feet; but that in some miles this rate will be 
exceeded, and especially in such parts ag present par- 
tially formed kunkur. 

“Then, from the 60th to the (end of tho division) 
100th mile, considering the great prevalence of the oosur 
soil; the greatly increased rates of contingent expenses 
to the absolute outlay on the labour of excavation; and 
also to the difficulty experienced in either obtaining con- 
tractors or Iebourers by Lieutenant Hutchinson in that 
part of the canal lying below my division, I cannot but 
anticipate a rate somewhat higher ‘than the above, and 
therefore beg to put it at two rupees per 1,000 cubic fect, 

“Tn the above calculations I have taken into con- 
sideration the positive value of kunkur if soparated from 
the earth, for which I pay extra for obtaining it so sepa- 
rated, crediting the excavation with thevalue of it, 

“T must further add, that tho contractors who havo 
made payment to the labourers in excogs of the pums 
stipulated for in their agreement papers, are in no’caso 
scarcely able to make such sums good, and that, there- 
fore, thero will be g loss in this part of the works which 
will, I fear, amount to from 700 to 800 rupecs.” 
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The above gives a fair account of tho difficultios 
which occurred in the early part of progyess on this lin 
of the eeavation. Lieutenant Hodgson’s intontions in 
fixing low yates were deserving of all commendation ; 
and although he failed in so far that an increnso was 
inevitable, the effects arising from the inquiries that this 
lowness of vate led to, wero undoubtedly favourable to 
hig ultimate progress. After all, the rates which wore 
determined after go much inquiry and oxporimont, wore 
merely those of my oxiginal estimates, which amounted to 
two ripees per 1,000 cubic feot. 

The remarkable fact in this division was that contracts 
wore taken by men who apparently had never undorltaken 
work of the sort in their lives, who wore porfoctly igno- 
rant of the cost of excavation, and who trusted entiroly 
to their tukdeer (destiny) for fortunate results. Tho 
failure above described by LTaoutenant Ilodgson is a 
remarkable example of this infatuation. The conduet of 
these people would, in England, have becn called knavery, 
and the supervisor who did not take advantago of ib 
would in all probability have been found fault with, 
Licutenant Hodgson might corteinly havo loft thoso 
contractors with their writton agroomonis to suffor tho 
loxs themselves, but he acted judiciously i in nol doing so, 
and his proceedings in this caso did, in all probability, do 
more towards rendering lis board of woxks accoptablo 10 
people who were by no means ready to join them, than 
anything else that ho could have donc, ‘ho mon, in 
fact, who failed on this occasion, suececded aftorwards ; 
and Lioutenant Hodgson had nothing 10 rogret in loaning 
to the favourable side of the question in thoso onrly 
failures. 

The-vates af which work has beon cxeeutod undor 
Lieutenant Hodgyon in the first hundred miles of the 
Cawnpoor Terminal, will be soon by the following tablo; 





TH oe canta: Gig ith 










sir athc Geis BREE ee : lbs é 
tae Ps Lomi ae : , 11,000 oubie feeb.’ 









yy 86th to-b0th |, * 
“yy 80th to. 75th 
“AS a general nile, the ‘hie or. towing paths have 
beat maintained on a ‘level parallel with that’ of ‘the 
‘éanal bed. Deviations’ from this vale have * only. beet 
allowed in extraordinary cases, where a great saving of 
expenditure would be etisuted. © In such cases the highor 
levels were gained by very long slopes, t the vise and. fall of 
which axe almost imperceptible. 

“From the 100th mile to the terminus at se Caaibdot, 
the excavation was commenced'in the cold Wweathor | of 
1849 by Licutenant C. W. Hutchingon of the aD) pinoer's, 
wyho,, onhis departiwe on ‘medical cattificate in Sépter 
1852, ‘tilade over the works to Lieutenant Hodgson. oe 

Lieutenant Hutchinson’s interruptions weie a repe- 
tition of those which have been before doseribed, with 
perhaps additional difficulties in ‘procuring labourers. 
The tract of country: over which his line of works wad 
cantied ‘extended through ‘the Futtigurh and Cawnpoor 
districts, —26 miles’ of the former aid 44 of: the. latter. 
The: Futtignrh: disitict was very similar to that deseribod 
ag: existing in the first 100 iniles of the course of ‘this. 
terminal ‘line, intersected by 4 good. deal of cosur’. “and: 
waste land, but vichly cultivated clsewhiero. : ‘Waste’ Innd 
was not x0 ‘prevalent in the ‘Cawnpoor district, ‘the 
greater’: portion of the channel: passing. over” 
cultivated in avery h zh. degtee. ; Lioutonant Hittchingon 
shall desoribe own ampietions, on. the hiteraphon 
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eo WAS vegans. séeonvetioti, 0 the” ‘edinal; you. observe 
‘that this ise thickly popula district, and that. thore- 
fore wo should experience no cillty i in procuring men.’ 
The Cawnpoar district 7s a thiekly populated ono,. nnd -it 
“ig algo-most prosperous and fertile ;: tlio laboureri-for. tho. 
“inost parbare well off, and will not leavo thoit fields to 
“srorlk. ori :the canal. Vory many have left’ the distwict and 
“gone tothe divisions of the canal fnrther wost, ‘ng tho 
impression appeared . strong. amongst them, that tho 
“yates. there gave greater chance of profit. When wo first. 
scommenced excavation, the rates we held out, . rg. L-2-0 
pet 1, 000 cubic feet, were undoubtedly too low, and ‘tho 
xeport spread that here there was no profit to. he mado. 
» This ‘completely stopped ow works for a time, and it was 
not: till August, 1850, that we -may. be said to have got 
“OVER this i impression; and Gommenced work, giving highor 
rates. “Since then the work has been progressing and 
“impr ring rapidly, with the exception of about six weeks, . 
:Avbien’ our. works wore nearly deserted, by the. Inbourars 
; to cut. the ‘khureef crops, Tven now, howovor, 
“squads of labourers fr equontly leave their wouk to g0 for: 
a fow' days. to any. fair or “wedding, and then como back 
, “Tf day’s vain fall, the works aro desortod, and 
“it takes‘a: few days: to collect thom all again, I. vould 
beg also to draw attention to the’ Military . Board's ofv- 
ular, No. 492, dated 1st October, 1850; in which tho 
‘officer of. tho Grand. Tronk Road in this district -hag 
shown that he finds his. earthwork costs him, ineluding 
"dressing, ei; 18, 18-2 per 1,000 cubic feet,’ “Ab. this 
4 ute: T could ‘push on work ‘much, moro’ rapidly; but 1 
eon endeavouring as much as possible to. koep tho 
ay work within my estimate of rg, 1- 6. 0, 
80, beg to point out, with reference to my rnatos 
mpared..with the Second: Division, thet when the 
section becomes : 80: naw. OB, it. coos down hore, the 
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if dyéasing and sloping vemiaing the BANIG, whilet 
“the proportion of the: mass dug i in the veotangle is § minch 
Ancreased. . 
“86 For, eaenpls, if the rectangular aaotie ho. 140 feet 
‘broad by.) feet. deep, and width: pics ‘the canal 
i Henndalice 600 feet, nn are omer 
: Digan pe * . 


é 





“\ CANAL BOUNDARY 


the mean- distance earth is carried is AB= 172} foot, 


‘In a mile of rectangular a 
the eubic content is... ae 140 x9 x5, 1280= 6,652, 800 
Ina mile of slopes. i 0. 9x 9 x5, 280< tee) 


the proportion of slopes to rectangle being : 1. to 1b Be 

‘Tf ys. 1-14-0 be the rate fixed for the whole wor are : 
7,080,480 = 00.’s 15.18,275-14-0 ; and if we auppose ‘the | 
alopes' to cost the contractor 6 minas per 1,000 cubic foot, 
more,’ then 427,680 cubic fet at G.aunay per 1, 000 
1s, 160-5-0. mee 
..- When thé-averago section i is; a8 here, 80! x 9, andl 
width of canal land 250 feet,— ; 


Diagrany 173,** 














@ 
“eanat BOUNDARY 


the sean vlogs giuth iscarried is A B= = . 85 ‘foot: 
Sch a ‘nila: of rectangular channel 

Mag dues toil orcwmeried bd be 5, 280=1,495, 600: 

qn armile of slopes .. $x dx 5280= : AQT, 680, 


(the same in both: oases), the proportion. of slopes. to rect: se 
angle: Doing 1 Lto: 8: 3B. oTbs Be 1:6-0 ‘he the oe ‘fixed foe: = 
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i the ‘wholes: then’ fj 858, 280 cubic foot. - se: 8. 1. 9,484. 0 J. 

“and supposing-the slopes to cost: ag.thuch moro in this cade 

- ag in the other, .viz,, 6 annas per: 1,000 onbic feet, then 

» 497,680 cubic fect at 6 annas per 1,000 = 18,-160-5-0. 

. Tn the -one ense ‘the contractor deducts from his 
profits v8, 160-5-0 from 1s,18,275-14-0; and i in the other 
v8, 160-5-0.from rs. 2;548-4.-0. 

*. Tharé is no doubt that the sloping and ‘dressing | is 
thie: most expensive part of the ‘worl, and my object in» 
2 making the above rough calculation. (which is, of cotirse, : 
‘not actually correct, as T do not know the rates or section 
. of the second division), is merely to show. that the quantity 
of sloping ‘and dressing is tho same everywhere, and how 
small in proportion it bears in a wido section to the mass 
«of digging i in which profit is made, ‘as. compared with the 
proportion in a narrow soction, The distanco of. oarth : 

thrown in’ the first caso is double that in tho. second ; 

. but if the rates aro as I have caleulated thom (as, 1-14- 6 

* there, and 1s, 1-6-0 hore), I consider that, 8 annas per 

4, 000: onbié fect: is:too large o differenico. fox. the’ mere 

cautiago of earth. 85 feet, On this point, however, T am: 
nob certain ; if this is, as I suppose) too largo a ‘difforoneo, 

“it follows. that the rates there aro movo remunorative lian 

they axe’ here; and. consequently tho gvonter difficulty of 

- procuring men and contractoxs ‘that exists hero, As I 

before stated, however, I-think that my difficultiog ns. 

regards excavation ave ina great-mongure overcome, and 

*Ltnust thes.this work will now progress rapidly,” 

.. With. the’ exception of the depths of digging i in. ‘tho 
; wean, division; which were, generally: speaking; mucli iu 

excess. to that noted by Lioutenant Hutchinson, his com- 

--patigon. ds a true one, ‘There'is no doubt whatevor that 
thé. proportion ‘that the: oxpensive work in slépos and 

dressing ‘bears tothe cheap; or rectangular excavation, 4 is 

a matber of great consideration tow contractor, ant that 
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he prefers wide channels to narrow onos on this account ; 
but where great depths, entailing the carriage of earth up 
steep ascents, and upon long distances, as war the cage 
in the second division, were the principal sources of 
expense and difficulty, there can be no doubt that the 
cost was comparatively cheapor. This, howdyer, aroge 
from the presence of the professional earth contractors, 
who took to the excavation with a perfect understanding 
of what they had to do. In the districts below Alli- 
guth the people who undertook work appeared to be in 
most cases men who had not been previously engaged in 
excavation, and were actually ignorant of many of the 
simplest parts of the profession, This led to the neces- 
sity of a supervision and watching, for which with the 
regular earth contractor there was no need; contingent 
expenses unknown in the second division were, therefora, 
heaped upon the original contract rates. Jn tho nppor 
parts of the canal, m fact, we worked with proféssedly 
educated people, In the lower wo had to educate thom 
ourselves, and to submit to all the disappointments and 
expenses attendant thereon, 

> Beforé Lieutenant Hutchinson left his work in 1862, 
the greater proportion of tho channel had beon ex- 
cavaled, By separating tho contracts for slopes from 
those of rectangular digging, howovor, he left to his 
successor a legacy which, in-effect, was like that which 
he refers to in his comparison of rates. Ha had com- 
pleted the greater proportion of tho cheap digging, or 
rectangular section, whilst he left to his successor the 
completion of the slopes, or that portion of tho work 
* upon which he, in his comparison above given, places 
6 annas in addition 1o his estimated rate for oxcavation. 
Although, therefore, Lieutenant Hutchinson's bills, as 
submitted, showed that he had done work at 1s. 1-7-27 
per 1,000 oubic foct, and, therefore, had worked very: 


i 
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closely with his estimate; ho left to his successor tho 
onus of doing the more expensive portions, unaided by 
the reliefywhich a fair proportion of rectangular digging 
would have given to him. Lieutenant Hodgson had, in 
fact, to complete a graat detail of finishing off of borms 
and banks, as well as slopes, the whole of which had heon 
left incomplete. 

The berms, ox towing-paths, are constructed on tho 
same plan as was adopted in tho uppor part of the Cawn- 
poor terminal, Ag a rule they were mado pavallol to the 
canal bed. Where this was not the case, the rise and fall 
wore made as gradual as possible, 

The rates of excavation ag submitted by Lieutenant 
Hutchinson were as follow :— 

Ro AD 
Bet tid aad goeegiad 7 2° powt,000 cubic foot, 
Since August, 1852, as I have before noted, tho wholo 
of the executive management of the Cawnpoor terminal 
line was assumed by Lieutenant Hodgson, whogo work 
has been executed at tho following rates :— 


1 


rs AP * 
First 20 miles. ‘ » 2 6 0 per 1,000 enbie feet, 
8 


Bist to 65th mile : * + 2 5 8t ” 
In excavating the escapes the ratos for digging havo 
been 1g, 1-6-8 per 1,000 cubic feot; whilst thoso for 
the embanlonent works in connection with tho Rindo 
have, from the nature of tho works, which voquired con- 
solidation, and the use of ramming and wator, been as 
high ag rs. 5-0-0 per 1,000 cubic foot, 


IV, Brawan Terns Line. 


The excavation on this channol, the oxtvome dimon- 
sions of which are shown in the following diagrams, did 
not commence until 1850, : 

Vou, TL, PP 
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“\ =Diagram 174, 
* Section at (ie ead. © 





= ‘Diagram, 175. : 


~. Seetton nt fhe ‘alt 





The works, therefore, had-the advantage of. the expe- ... 
-yience that had been gained on the Cawnpoor line, The! 
people in the neighbourhood .were prepared in some. 
measure for the system that would be adopted, as, well-ag, .. 
for the rtes thas would be allowed for excavation, . ‘The ., 
executive officer in | charge, moreover; had Ahad experience a 
‘on.the.Jumna Canals, The yates. which.’ chad: b 
in my ostimate of 1850, were those which had been de 
‘termined..on. by : Lieutenants Hodgson: and Hytching 
viz., where the width of the rectangular channel. y A 
from, ate. . : 
: "80° to G44 at a id 0 per 1,000, 

G43 to 40 ‘at’ 110. 0 ” 
40. to. 20 ab 1 60. ” 

tb will be. recollected that, for a distanco of 65 miles, 
this line runs _ parallel to and within: 5}. miles ‘of. the + 
Cawnpoor termingl, and -that. in adyance. it proceed 
through: districts either, bordering ‘upon, or-the, game a 
‘those traversed by it. The-rates of work might, therefo 
be. supposed to be the same. In the Btawah . as on th 
cayation, the rates fixed on: appear. to he 
flicion 
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which the work lias been executed .on these lines axe very 
good specimens ‘of. the trué. cost-of channel digging, 
limited'to measurements of which.tho dimensions of the 
above sections are the extremes. 

In laying out the daghbels, or lines rion “which tho. 
excavation. waa made, it hid been usual to fix wvooden 
ping ab: distances, for the purpose of determining the 
leyelof the canal bed, of the berm, and also that of tho 
embankments. ‘These wooden: ping were very subject. to 
disarrangement, they were constantly knocked. down by. 
cattle, and were generally stolen by the villago people. 
They: wore, moreover, after all, but an imperfect guide to 
thé contractor. Lieutenant Whiting discarded the de- 
tached pits .oxcepting for the bed levels, and at overy 
600 feet in:‘length of the canal channel built up so much’ 
of tho bank atid berm. as‘fell above the surface level of the 
country. This was made in the form of rib, ox former, 
so ‘that at short distarices along tho whole lino there | 
existed * previously to tho commencement of. excavation 
the’ irae outline. of tlie banks: and’ berms. as thoy wore to. 
be constincted at that particular ‘point. Taking a scction * 
of the country npon which a contractor 1 was aot to work, | 
its appenn aCe. WAS As ‘follows ~- 


: Dis 2mm 176, 











the’ shaded lines aay” “the rib “or * forixion, the dotted 
that’ portion of the work which had to bo excavated. | Th 
i down. the line of. works, thereforo, wlioxe no 
‘had deen placed upon thism, theso ibs Ox- 







wd showed clearly ‘hero’ the. bors: -coxitesponided with 
‘he’ stitfaed, “or whore embankments: and raised towing- 


rathis had: to ‘be ‘made, tn making: ‘these ribs or fixed 
pe 2° 
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“perks, @ trifling expense was inéuived in the first instands, 
anda good deal ‘of supervision on the part-of tho surveyor; 
Dutt-they were: “amply compensated for afterivaris: by the 
“facilities with ‘which levels. were. recognized, and.’ the 

: aiethod ‘and order with which the hole work was done; 
Ti inay ‘observe that ‘tho pins which i in former’ cases. had 
been exposed were ithbedded in the ‘earthwork af ‘the rib, 
“so that the. ‘top-of the pin acted as the true level ‘or patio 
mark, The “above. plan ‘originated «with, Lieutenant 
Whiting, anid I consider itto, bo one’ well worthy of ‘the 
cousideration .of those who may hereafter be engiged 
in canal excavation,“ ° 

'The.berms, ox towing-paths, are laid’ ‘out'on the same’ 
design ag those described on the Cawnpoor Torminal,.t.¢,, 
with a few exceptional cases, they are parallel to ‘the bed. 
of the channel, and on , uniform scale throughout: 

_ The soil is very similar to that describe? i 

ister . branch to Cawnpoor, ” Tracts ‘of cost: 
“alternate ‘with ‘richly cultivated “land, tho” Intié: 
dominating in the Etawah. and “ Cawnpoor ' distr 
Hero alsé knakur, both in mass, in gravel. strata; au 

“pieces of th vock mixed indiscriminately with tho ‘soil,’ 
‘were met with in equal abundance. * The soil, moreover, 
appears to hayo. the ‘same -non-absorbent o1 rotontive 

“qualities that I have noted-as so remarkable ‘on the loft 
of the Rinde River. 

-T have ‘mentioned that thie progress of ° excavation: 

“on the Etowah terminal ine is more backward than élse-: 

“where, ‘in consequerice “of the -Intieness of thé pario ; 

which it was commenced. Oniny. last inspection, ‘how- 

ever, in‘December, 1858, the channol and embatikments. 
had been bli tad Ag far ag the 60th. milo, considers 
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The nats af oxearatin 2 "i wa in. the following, 


inble _ 
2 Rato por 
: =1,000. cubic fect. 


i Tiality 2 
: nS, AC De 


i From 1st to 20th mile: 
20th to 40th ~ wl 
Sy, 40th to GOth 


“In looking at the vatos wad difficulties of procnting 
labourers onthe terminal lines, especially that one boaring 
upon Cawnpoor + in veowring also. to the observations 
made by the engineers on the remuneratiyo value of tho 
excavation: . to: the contractors, in “wide: over harrow 
channels, where, although the rectangular digging in tho 
one. ig much greater than that in. the other, the slopes, 
embanking, nd the more expensive parts of the work, 
ave common: to both ;—I will, iy concluding this chapter, 
yemaik; that in. the channel’ excavations of the Eastorn 
Jumna, Canal, three-fourths of which were dono ‘by mo 
‘between the yoars 1825 and 1880, partly by contract 
and partly by daily labonr; the former being nndortakon 
in! mos Cases, Dy. the: Oade tribes; the ‘latter. (which was 
only: Gazried on, inthe dumedinta neighbotrhood: of my: 
own ortho. European. supervisor's oncampyout) by. the 
labourers of. the villages close, at hand ;——tho-zates war's. 
ag, follow, and they . were determined. by ‘tho super 
intondent of the works on the nature of the soil, anil on 
the facilities for excavation, without any ‘rofarence to 
Gimensiond,:Where the. soil. was sand (although tho’ 
channel was avider’) the rate was lower than that where 
the digging was executed in-day.. For, instance, the 
fixed rates of contract were, fromthe village of Sw 
kui tothe Jumna at. Delhi’ (a distance of 114 milos), 
the, rectangular width of channel at the two oxtromos 
being 80 and 15 foot,—rs, 1-8-0. per 1,000. cubje foot. 
From: Surkuri- upwards, where. thero was nothing but 
sand, although the rectangulny channel varied from 80. 
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to 60 feet in width, tho rates were diminished to rs, 1-4-0 
per 1,000 cubic feet; nor were these ratos exceeded 
in the daily labour. These contracts included tho making 
and forming of the embankments, borms, and slopes, 
and no contractor’s accounts wero settled until his full 
contract, which equalled 1,000 feet in length, was com- 
pleted, and accepted as such by tho European supervisor. 
This low vate of rs, 1-4-0, was oven cxtended up to tho 
Nyashuhur regulator, and through at least 4 miles of 
shingle digging. 

I believe that in both these cases it would have been 
‘cheaper to have paid double the money, and to have 
done the work either by daily labour, or by omploying 
more supervisors, to have had a greater cheek upon the 
contractors. It was quite impossible whore the soil was 
hard, and where it camo out of tho excavators’ hands in 
, lumps, to get+the lumps beaten up so that the embank- 
ments might be properly made. It was wonderful, the 
ingenuity with which bad work was concorled by a super- 
ficial coating of well-broken-up soil. But it was by no 
means wonderful to geo the effect that this bad work had 
on our after, prospects. Beautifully perfoct ag the poction 
appeared when given over by the contractors, rainy season 
after rainy season produced its offects in exposing the 
hollowness of the work. It is « fact, that those banks 
which are now in such excellent order, and which offer 
one of the best roads and the ‘pleasantest drives or rides 
in these provinces, wero ten years before they were pro- 
perly consolidated, and free from tho annoyances of holes, 
The Ganges Canal embankments ond earthwork may 
have been more expensive jn the first cost, bub eventually 
they will be cheaper in every respect than thoge of the 
Hinatern Jumna, 
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Cuarrmr XI. 
CURRENT EXPENSES. , 


Tris chapter may be divided into two sections, viz. i— 
I. Rstablishment. 
IL, Ordinary Repairs, 


I, Establishment. 


The detail of establishments as spocified in Appon- 
dix D (vide Volume of Tablos) was very closely observed 
during the whole of tho operations, Whoro this was 
departed from, cireumstances.of a peculiar nate may bo 
traced, as in the Northorn Division, whevo the constantly 
inereasihg amount of works rondorod igeroayo of ac~ 
countants necessary ; and in the Second Division, whore, 
from want of assistance to tho oxccutive, and the necor- 
sity for his time being occupied more than upual in field 
duties, 2 moro highly paid, and more efficiont head to hia 
office became necessary, Tho rules, howevor, Inid down 
in tho above table were maintained as closoly as possible, 
and the amount of ostablishment thon fixed was con- 
sidered to be the standard in each division. 

The state of the establishments during tho working 
period may bo understood from the following tables, 
which show in juxtaposition tho number of mon and 
amount of pay of each which existed on tho Ist of 
January, 1848, and tho Ist of January, 1884; viz., on 
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[pang TI. 


the dates exhibiting the two extremes of the working 
operations, ‘under my superintendence, 


NORTHERN DIVISION. —1st Farevary, 1848. 

















No. Description. Rate, Amounts, Total 
Works, Rs, a Rs a, Ra 
1 | Exceutive Engincer . . ve 400 0 
1 | Assistant . ‘ ‘ ae 400 0 
2 Do . . . +1250 Of 500 0 
1 Do . S . den 200 0 
2} Assistant Overseers . .} 6 Of} 180 0 
1 | Actountant . ‘ ove 100 0 
1] Olerk : s ’ a 46 0 
1], Do. ; . ‘ 40 0 
1] Do. ‘ F vee 25 0 
pana 1,840 0 
1 | Native Surveyor . «| «. 7 380 0 
1 | Moonshi . . ‘ : tee 80 0 
1} Treasurer ‘ ‘ ‘i aes 20 0 
2} Sowars . ’ +} 16 0 80 0 
8 | Dnffadars ’ . ‘ 6 0 18 0 
12 | Burkandauzes . . ' 4 0 48 0 
8 | Chuprnssies 2. 5 0 15 0 
4 | Olassies . ‘ . . 4 0 16 0 
| 207 0 
1 | Bricklayer Misti . os 20 0 
1 | Carpenter do, ei 8 te on {4 0 
1} Sunith do. . ‘ wee 2 0} * 
. | 46 0 
1 | Moonshi . ‘ ‘ ta 10 0 
1 Do . ‘ . . nee 9 0 
1 Do. . , vee 8 0 
1 Do . ’ . te 7 0 
4} Chuprassies . 0 20 0 
1 * Do . ‘ ‘ tee 4 0 
panne «= BB 
Total Co,'s Rs, i ¥ . % . | 2,152 0 
Mateatats. 
1 | Executive Officer. ‘ tee 800 0 
4 | Assistant Oversoas . «| 66 0} 260 oO 
1 | Accountant . . on 100 0 
1{Clak oo... ‘ woe 45 0 
tet! 705 0) 





a Carried forward Co.'s Re, ’ 








ry . 


. 705 0 
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NORTHERN DIVISION.—1st January, 18 18,—-Oontinned. 


“Amounts. Total, 



































No. ‘ Deseription. 

Rs a Re 

Brought forward Co.'s Rs. vee 706 0 
1 | Moonshi . ae 80 0 
2 | Duffadars ee 2 0 
8 | Burkandauzes . ‘ 82 0 
2 | Moonshees ’ ‘ 20 0 
2 Do. 5 ey 16 0 
4 | Chuprasgies . 20 0 
2 Do. . 8 0 

Lemme! 188 0 

Total Co.'s Rs. se ee | 8480 

NORTHERN DIVISION.—1st January, 1851. 

No, Desoription, Rate. Amounts. Total, 

Wonks. Rs. a Rs af Rs a 
1 | Exeoutive Engineer . . oe Guu 0 
8 | Deputy Superintendents . | 400 0 {1,200 0 
1 Do. do. F tee 800 0 
2 Do. do, +} 200 0] 400 0 
3 | Assistant Overseers . +} G5 Of} 196 0 
1} Mead Clork ‘ . . ae 150 0 
1 | Accountant ’ . . ae 120 0 
1 | Clerk ; ' ‘ oe 8d 0 
1} Das , ‘ : +04 Go 0 
1] Litarian , ‘ 7 . ue 20 6 

I~ 8,125 0 
1} Native Surveyor im a en 80 0 
1] Moonshi . ‘ . . x 80 0 
1 | Treasurer . A 7 . ute 20 0 
1} Assistant do. oo. we 10 0 
2 | Sowars . r P -| 10 80 0 
4 | Duffedars . ‘ . 660 240 
16 | Burkandauzes , 7 4 0 61 0 
2 Chuprassies : ‘ 6 0 2 0 
2 Do. . . ‘ 5 0 10 0 
4} Classios . 7 ‘ . 4 0 16 0 
1} Ghokidar . 5 ‘ . ay 4 8 
1 Do. i ; ‘ ‘ ae 10 


u 








Carvied forward Co.'s Rs, © 4s [8,870.8 


536 


NORTHERN DIVISION —Ist January, 1854.— Continued, 


CURRENT BXPENSES, 
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» Total. 





















































No. | Desoription. Rato Amounts. 
Rs. a. i: Rs a Rs a 
Brought forward Co,’s Rs. « ve ww 8,879 8 
1 | Bricklayer Miswi =. A on ve 25 0 
6 | Moonshees ’ ‘i | 10 0 60 0 
7 | Chuprassies oot 5 0 85 0 
"|---| 95 0 
Total Co.'s Ra. ' , ‘ . » [8,499 8 
” Marenrazs. 
1 | Executive Officer. i toe 800 0 
4 | Assistant Overseers . .{ 65 Of} 260 0 
1] Accountant . ‘i 7 we 100 0 
1 | Clerk ’ F - . sie 45 0 ' 
| faneseoennennon af TOK) 
1] Moonshi . . ' . oe 30 0 
1| Treasurer.  . «  . ea 20 0 
5 | Moonshees a 5 -| 10 0 bo 0 
2 | Duffadars , . ‘ . 6 0 12 0 
2 Do . ‘ s ‘ 5 0 10 0 
14 | Burkandauzes . . . 4 0 66 0 
1 | Chupiassi ‘ . ‘ 6 0 6 0 
6 Do. ' er os 5 0 80 0 
enn} QI 0) 
Yotfl Co’sRs, 6 wl .| 919 0 
* 
SECOND DIVISION.—1st January, 1848, 
Na. “Description, Rute, Amounts, Totnl “ 
Ra Rs. a Ra a 
1 | Executive Engineer , ‘ on 400 0 
1} Assistant do, ‘ tee 260 0 
1 Do da, ' ‘ uo 200 0 
2 | Assistant Oversees . «| 66 O] 180 0 
1{ Accountant 6 +s. te 100 0 
1] Clerk \ oo ‘ . om 45 0 
7 Jenne L125 0 
Carried forwind Co.'s Rs. i " «| L126 90 


cd 
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SECOND DIVISION—1st January, 1848.—Continued, 



































a. — _— ene ed 

No. ‘ Deseription. Rate, “Amounts. | ‘Yotal. 

Rs a Re, a& Rs, a 

Brought forward Co,’s Rs, « ne toe 41,125 0 
1 | Moonshi . ‘ : F oy 80 0 
+ L | Native Survey" ' on 20 0 
1} Do, Doctor ‘ ve 16 0 
21 Sowars * ‘ 16 0 80 0 
2 | Duffadars « . . . 6 0 12 0 
20 | Burkandauzes . : ‘ 4 0 80 0 
1 | Chuprassi . . ' tes 6 0 
2 Do . , ' ' 5 0 10 0 
4 | Classies . . ‘ ’ 4 0 16 0 
1 | Treasurer . . ' . toe 20 0 
1 | Assistant Lreasurer . fi tue lo 0 

a 249 0 
1 | Bricklayer Mistri os uw 15 0 
1 Do, do. : . ai 10 0 
1 | Carpenter do. ' ‘ toe 12 0 
1 | Smith do. ‘ . tee 12 0 

49 0 
4 | Moonshees ' ‘ «| 10 0 40 0 
4 | Chuprassies . . «| 5 0 20 0 

A Hn) 60 

Total Co,’s Rs. : ‘ 7 . » $1,488 0 

SECOND DIVISION. —1se January, 1864. » 

No. Description. Rate. |" Amounts, Total. 

Ra a Ra a] Re 

1 | Excontive Officer. ‘ 4 600 0 ‘ 
1 | Deputy Superintendent . ive 200 0 
1 | Acting do. ‘ te 220 0 
1} Overseer . ’ . ‘ sue 8h 0 
B | Assistant Oversceis . +} 65 OF} 105 0 
1} Accovntunt », . me 160 0 
1} Clerk ‘ , ri . te 56 0 
1] Do. , ’ . . ten 25 0 

oe] 4,180 0 

Carried forward Co.'s Rs. ' © {1480 0 
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SECOND DIVISION.—Ist Junuary, 1854.—Continuerl, 
No. | __ Description Rate. Amounts. ie Total, 

Rs, a Rs, a. Ts. a 
Brought forward Co.’s Rs. « one ove 1,480 0 
1 | Moonshi . ’ -}| 80 0 80 0 
1} Assistant Moonshi . » | 10 06 v 
1 | Native Doctor : ' fe 15 0 
1 | Treasurer , . . vee 20 0 
1 | Assistant Treasurer 5 a 10 0 7 
2 | Sowars bs 1b 0 30 0 
2 | Daffadus . fi : 6 0 12 0 
20 | Burkandauzes . 4 0 80 0 
1 | Chuprassi . | a 6 0 
2 Do. 6 0 10 0 
4 | Classies 4 0 16 0 
—) 289 0 
1| Bricklayer Misti . on 15 0 
1 Do. do. : byte 10 0 
1 | Carpenter do, , of tne 12 0 
1} Smith do, , ve 16 0 
~| 82 0 
6 | Moonshies . ' ‘ »} 10 0 60 0 
7 | Chupyassies , 5 O} .85 0 
4 | Duffadars . . ‘ ' 6 0 24 0 \ 
24 | Burkandawzes . 4 0 96 0 
Lo———=—=} 215 
Total Co.’s Rs. ‘ é R : » 11,986 0 
4 — sos ate a ace ee 
THIRD DIVISION—Ist Junuary, 1848, 
No, Description, Rate. Amounta, Total, 
Rs an Rs a Rs a 
1 | Executive Officer ‘ . a 400 0 
2| Assistants . . « » {200 0] 400 0 
11 Clerk . . . . en 40 0 
—| 840 0 
2 | Native oie id ‘ »} 10 0 20 0 
1 |,Moonshi . . see 20 0; 
2) Sowars . Hi 13 0 80 0 
1 | Duffaday « . . 6 0 6 0 
Carried forward Co.'s Rs. . 76 0; SO 0 




















OAR, XI. 


THIRD DIVISION. —1st January, 1848,—Gontinued 








No. a Description, Rate, 
7 Rs, 
Brought forward Co.'s Rs. . ve 
1 | Duffadar : ane 
: @ | Burkandauzes + : 4 0 
1 | Moonshi 3 E on 
2 | Classies . 7 F 5 0 
2 Do, : ' é i 4 0 
Total Co.'s Re. ‘ 





CURRENT EXPENSES. 


Amounts. 


Na a, 
76 0 
5G 
28 0 
8 
10 0 
8 0 





580 








Tom. 
Ra on 
840 0 


1850 


975 0 











we 
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THIRD DIVISION.—~1st January, 1864, 


Deseilption. 





Executive Officer 
Deputy Superintendent 
Do, do. 
Assislant Oversons 
Accountant ; . “ 
Clark ome. ‘fy 
Do, ‘ ‘ . 


Native Surveyor ' 
Moonshi . ‘ ’ 
‘Treaamer . . ’ 
Assistant Treasurer 
Native Doctor . 
Sowars . . ‘ 
Jemaday 5 . 
Duithdars , ‘ 
Burkandanzes . . 
Chuprassics ‘ 
Classies . 


Bricklayer Mistri 

Do, do. ‘ 
Smith do, : 
Carpenter . ‘ : 





Rate, 
Rs, a 


rs 
ocooo o> 


Carried forward Co,’s Rs, Foot 


Amounts, 





Ra a 
500 0 


100 0 


Total. 





Ra on 


1,200 0 


201 0 





590 CURRENT EXPENSES, (PART wr, 


THIRD DIVISION.—1st January, 1854. Continued. 





No. Description. Rate, {| Amounts, Potal, 





Rs. a Ra Re, a, 
Brought forward Co.'s Re. an 1,518 0 


2 | Moonshies . : .| 10 0 20 
2{ Chupassies . ‘ 5 0 10 0 
2 | Burkandauzes . . : 5 0 10 0 
6 Do. + ji 4 0 24 0 
- 64 0 
Total Co,'s Rs, 6! ee ee LIE 








CAWNPOOR TERMINAL LINE, tat January, 1848, 
Youatn Drvisiox, 









































No Description, Rate, | Amounts,| ‘Total, Grand Total, 
Re a] Ry a | Re a} Re a 
1 | Executive Engineer , we =| 400 0 
1 | Asaistant « . . one 200 0 
1} Clerk eS a 45 0 
j+—————-| G45 0 
1 | Native Leveller ; ed 20 0 
2} Sowms . . » {15 0) 80 0 
1 | Duffadar . i ‘i ae 6 0 
1 Do, 6. O ‘ vee 5 0 
7 | Burkandauzes . »| 4 Of 28 0 
21 Chuprassies .  .] B O}] 10 0 
1 Do. » «ff 40 4 0 
x ———--} 108 0 
1 | Corpenter Mistri te lo 0 
2 | Mason do, »}| 8 Of}; 16 0 
i———-~--| 26 0 
————~ 774 0 
Sixtu Drvision. 
1 | Exeoutive Engineer , a8 400 017 
1) Assistant , 7 5 tv 200 0 
1} Acting Assistant =, ae 220 0 
1| Clerk ‘ . ane 45 0 ‘ 
. 865 0 
Cartied forward Co.'s Ry. (866 0} 774 0 
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CAWNPOOR TERMINAL LINE—let January, 1848, 
Sram Diviston.—Continued, 





———+ 
No, Desoription, 





Native Levellers 
Moonshi . . 
Sowms . 
‘Duffidar . . 
Burkandauzes . 
Chuprassi . , 
Do, ‘ 
Classics ’ 


Por Pew 


Smith Misti. 
Carpenter do. . 
Mason do. . 


PRE 


Moonshi 

Chuprassies , 
Duftadais . 7 
Buikandauzes . 


e we 





Bt. forward Co.’s Rs, . 


. 


‘otal Co.'s Ra. 





116 0 

















Grand Totnt, 


eeernnenatnneentneneianetn trent rat 


Rs, 1 
W7\1 0 


1,058 0 
1,827 0 


enneetnynnceenertin 





CAWNPOOR TERMINAL LINE 1st January, 1864, 


Fourrn ann Sixtx Drvistons Aven AMALGAMATION UNDER NG 
DPrstanation or ‘te Fount Division. 












No, Deseription, Amounts, 
Sie : sep eersscy sue 

1} Executive Engineer , . os 00 i 

2 | Deputy Superintendents .] 200 0| 400 0 

L{. Do, do. . te 186 6 

2 | Sub-Assist. Civil Enginecrs | 100 0] 200 0 

5 | Assistant Overscors . .! 65 O| 826 0 


Carried forward Co,’s Rs, . ‘ 





‘Lotal, 


Re a 
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CAWNPOOR TERMINAL LINE,—~1st Juauary, 18h. 


* Fourta any Sunt Divisions avren AMALGAMATION UNRER THT: 
Designation or tie Fours Diviston.— Continued. 




















No, Description, Rate. Amounts, Total, 
Rs, a, Rs, a Rs, oa 
Brought forwaid Co,'a Ra. « ves 1,675 0 
1 | Accountant - F F nee - 60 +0 
1 | Clerk i ‘ : 5 te 45 0 
1) Do, : mo Coe : is 25 0 
1} Do, : ro 20 0 
J——--—--—| 1,825 0 
2 | Native Levellers .{ 20 0 40 0 
2 Do. : 16 0 82 0 
1 | Moonshi . 5 ; ‘ ces 16 0 
1} Da. ‘ 7 , cee 12 0 
1} Native Doctor .  . on 1b 0 
2 | Sowais . : «| 15 0 80 0 
1} Treasurer « . . . one 12 0 
1} Jemadar . . . ‘ oes 8 0 
2 | Duffadars « . , . 6 0 12 0 
20 | Burkandauzes . F . 4 0 80 0 
1| Chuprasi. . ' tea 6 0 
2 Do . ‘ 8 0 8 0 
H——~———-|_ 270 0 
1 | Carpenter Mistri Pal ee 16 0 
1 | Mason do. ‘ tn 1h 0 
1} Do. flo. ‘ tue & 0 
H—~——-~~~—--| 890 
7 | Moonshees . . ./| 10 0 70 0 
21- Do, « wt tee a 8 0 16 0 
18 | Chuprassies 6. . 5 0 65 0 
2 Do, an” Sa . 4 8 9 0 
4 Do. eo 8 40 16 0 
9 | Duffadars . - . . 5 0 45 0 
27 | Burkandatzes . 4 0; 108 0} ' « 
panne! B20 0 
‘Total Co.'s Rs, ‘ ‘ ‘ ‘ . {2,468 0 











reapers 


RIAWAH TERMINAL LINU—1et January, 1848, ‘ 
Firm Division. | 








None. , 





OHAP, Xt] CURRENT RXPENSEA, 598 


UPAWAIL TERMINAL LINE—~Ist January, 1804, 














; Firm Divisior. * 

No. Neseription, | Rate, | Amounts. ‘Youu, 

Rs, a Rs Ra a, 
1] Executive Engincor . . one Goa 0 
8 | Deputy Superiniendents .) 200 0} 600 0 

3 | Assistant Overseas , »} 65 0 (9h 0 ‘ 
1 {| Accountant 7 , 7 tee g0 0 
1 | Clerk . . F 5 a a $ 
. ‘ wee 25 

2 ace —|1,515 0 
1] Moonshi . . 7 i a 30. (0 
1 0. ’ . ; . ms 15 0 
2 | Native Levellers : .{ 20 0 40 0 
1] Do, Doctor . : . tee 16 0 
2 | Sowars C . .| 1 0 80 0 
1} Treasurer . ‘ toe 20 0 
2} Jemadars . . ; F 8 0 16 0 
5 | Duffadars . . : . 6 0 80 0 
8 Do «. é i . 56 0 15 0 
41} Burkandauzes . . 4 0] 164 0 
6 | Moonshees . ‘ 10 0 60 0 
1 | Chuprassi , . ‘ on 6 0 
18 Ors , ' t 5 0 65 0 
4 | Classics , ‘ . . 4 0 6 0 

Jn} 22) 
1 | Carpenter Mistri woe ow jf 1b 0 
1] Mason do. . . we 12.0 

nnn} OF 0 

*. pee ae 
Total Co.'s Rs, , ’ ’ ‘ « | 2,094 0 








The establishment shown in tho abovo table for the 
fourth and sixth divisions on the ist of January, 1854, is 
that which was found to be sufficiont afer tho amalga- 
mation of these divisions, and afler tho wholo line cousli- 
tuting tho Cawnpoor Terminal had beon placed in charyo 
of Lieutenant Hodgson, of the Engincors, An inapee- 
tion, of tho table will show that tho -roduction chiolly 
consisted in office ostablishmont, 

Tt will be undorstood that tho ostablishmonts shove 
referred to wore dependent ontivcly on tho progress and. 

VOL, It, QQ 
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completion of ihe works, as well as on tho amount of 
work in hand, and that when this work was comploted, 
and the canal channel had received wator, an entire royi- 
sion, not only of the osteblishments thomsclyos, but of 
the divisions or districts connected with ixtigation, would 
necessarily follow. : 

In arranging for tho extent of divisions over which 
executive officers had control, dwing tho progress of 
works, attention was directed to tho magnitude and 
extent of those works, to keeping the dutics of cach 
executive as compact as possible, and to othor circum. 
stances of a local nature which at tho time presonted 
themselves. On the introduction of water, howover, 
and tho commencement of its distribution amongst tho 
irigators, there were other points to be attendod to. It 
was'considered advisablo so to regulate tho lengths of tho 
districts, that each executive should possess the power of 
regulating his supply of water, and of holding in his own 
hands the means of obtaining relicf to a cortain oxtent 
from floods arising from oxcoss of water in the canal, 
cither from rain, or from diminution of izrigation in paris 
of the canal shove his district. 

To offect this purpose, it was dotermifiod that a lond- 
ing featuve in tho arrangements should bo the possession 
of an escape at the head of each district, and that a lino 
of elective telograph should as early as possible bo carried 
from the Nanoon Fork, situated at tho heads of athe 
Cavnpoor and Iitawah Terminal lines, along tho canal 
bank to Roorkee, and the Myapoor Regulator. By those 
means it was supposed that each district would in itsolf 
have the powor of obtaining relief by tho cseapo at the 
head, and along the course of ils own channel, whilst 
the electric telegraph would cnablo tho officor 10 corre- 
spond with the districts lying above him, and with tho 
damg and escapes in the northern regions, Ultimately, 
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wires connected with tho cloctric telograpl voading oflica 
might be carried along oach of tho terminal Inos, by 
which means tho wholo of tho works from tho henl to 
tho termini would be in corrospondonco, This dosign, 
if worked out in ealenso, would undoubtedly place tho 
whole machine in a vory officiont stato, Ll appoars to 
me to be indispensable as far as tho tolograph bolweon 
Nanoon and the Myapoor head is concerned ; as by no 
establishment that we could devise, would it bo possible 
to protect oursolves against tho inconvenience of high 
floods with such certainty, or with such immodiato offect, 
as we could by a well-regulated telegraph. 

The proposed limits of tho different divisional dis- 
tvicts for the Ganges Canal, whon tho water has boon 
fairly admitted, and the rajbuhas sufficiently advancod to 
enable tho cultivators to commenco irrigation, may bo 
thus given, as a sketch of what I would recommond in tho 
emly state of progress, 


Tau Imst on Nontumnn Division. 


The district attachod to this division will oxtond from 
the Ganges Rivoy at the point whoro tho canfil loavos it to 
the Futtigurh branch hoad. Its total longth iy 60 milos, 
and il will, indopendontly of the oxeeutive charge of tho 
works, embrace the conirol of tho wholo of tho irrigation 
in the Khadir, ag well ag that connected with tho rajlulin 
heads at the Assoffnuggur, Muhmoodpoor, Bolva, and 
Jaoli Falls, This disizict will bo undor the chargo of an 
executive officer, who, under the titlo of * Supexintendont, 
of the Northern District,” will act in tho samo enpacily 
as the superintendent of tho astern or Wostorn Jumma 
Canals, Ho will havo wndor his chargo tho whole of the 
works, and the control of tho canal vovonuo wilhin his 
joundaries. His duties, in fuct, will correspond wilh 
those of the officers above montionod, being responsible 

aga 
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both for the permanont works of tho canal itsolf, for the 
efficiency of the rajbuhas, and for the proper supervision 
of the water vent, He will annually submit to tho supor- 
intendent of canals, North Western Provinces, tho samo 
papers in abstract of tho expendituro and roceipts, with 
a balance-sheet of gross and not returns, with roforence 
to doad stock and duos to Governmont, 

The head-quarters of the suporintondent will bo at 
Roorkee, and he will havo attached to him two doputios, 
one of whom will be specifically placed on the tract north 
of Roorkee. The other will havo under his chargo the 
works and irrigation on the high land strotching from 
Roorkee to the Futtigurh branch head. The dutios of 
these two deputies will possess sufficiont varioty to onable 
the superintendent to form his own seloction, founded on 
the qualifications of the officer, The loading or first sub. 
division, being that which is confined to the Khadir, will, 
comparatively speaking, be more connected with works 
than irrigation. Whereas that lying below Roorkeo will 
have more of the latter than tho former. Tho duties of 
both sub-divisions, howover, aro sufficiently mixed wp with 
irrigation to*qualify an officer for canal revenuo duties, a 
point that I consider to bo of groat importanco in a do. 
partment, where the removal of officors from ono post to 
another is of constant occurrence, and where a knowledge 
of revenue matters as regards canal irrigation is ns indis 
pensable as acquirements in civil engincoring. 

In addition to the suporintendent and his two depu- 
ties, Mr. Finn, who during the progress of tho works 
has conducted tho material depariment, will rotain his 
situation, with the additional duties of superintonding 
the navigation in the Khadiy. Tho object of these double 
duties is, as regards matorials, to maintain at the dif- 
ferent works a large supply of bricks in store, This can 
be done gradually, by keoping the village puzawas ox 
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native brick-kilng in constant progross until a sufficiont 
quantity of material has boon colleclod, With reforenea 
to navigafion, Mr. Finn will suporintond tho lockago 
and tho boating botweon tho head and tho Solani 
Aqueduct. During tho early poiods, aflor tho water is 
admitted into the canal, active moasures will bo requivod 
to transport boulders or river stono, for the purposo af 
laying down tho flooring of tho carthon portion of tho 
Solani Aqueduct. Tt will bo wndorstood, from what has 
been said in Chapter IX., that tho carriago of boulders 
to the above point previously to the admission of water 
was considered to be premature, and that vast oxponse 
would be saved by its postponemont until tho line was 
open for boats, by means of which a largor and bottor 
sort of boulder would be procured from tho main 
Ganges and its branchos than could bo forthcoming 
from the mountain passes of tho Sewaliks, ‘Tho only 
completion of thoso boulder foovings is further indispon- 
sablo for tho satisfactory protection of the carthen port 
of the aqueduct from tho woar and toar of the current. 
The deputation of Mr. Finn to tho capocial chargo of 
this duty appeared 1o mo not only to bo likply lo accolo- 
yale progress, but tho employment ilvol! was in a gronb 
measure allicd to that in which ho hos given so much 
satisfaction proviously. Tho slop of placing tho navi- 
gation under tho ogpocial managomonl of an officw: 
was a guaranteo’ for its procecding on a propor footing, 
and was tho best means I could think of for oslublish- 
ing in tho minds of tho native community tho advan 
tages that were open to tho tradoy from making use of 
tho water for transport. I Deliovo thal e few years of 
stoady progress in tho uso of tho navigable canal and 
its lockage on tho linc Dotweon Lwdwar anid Roorkeo, 
will be in all probability the certain way, of ousuring bho 
ready adoption of tho canal as 2 nuviguble lino olsowhere. 
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Including Mr. Finn and’ his ostablishmont in that 
of the northern district, thorefore, the following is the 
design of tho permanent establishment that might be 
considered appropriate :— 


Northern District. 


One superintendent ; two deputy suporintendents, 

Deputy Superintendent, 1st Sub-Division. — THond- 
quartors at Roorkee, but liablo to be dotached to Hurd- 
war or any point between that and Roorkco. 


‘Wonks,—Four overseers, of whom one at Myapoor, with a pmaty 
of four tindals and forty beldars, in charge of dam and regulator, and 
of the canal banks from the main Ganges to the Jowallapoor Bridge. 
One at the Puttri, with a party of fowr tindals and forty beldais, in 
charge of the works and embankments lying between the Jowallapoor 
Bridge and the up-stream extremity of the Dhimowri revetments, 
One at Dhunowri, with a party of four tindals and forty boldars, in 
charge of the dam and regulator, and of the canal works and embank- 
ments, from the up-stream extremity of the Dhunowri 2cvetments to 
the up-stream extiemity of the Solani Aqueduct, One at Roorkee, 
with cight tindals and eighty beldars, in charge of the aqueduct and 
embankments; with further charge of ‘ plant” attached to the works, 
including boats, hoises, waggans, railroad, &o, ‘this overseer would 
also be cmployed in the station of Roorkee, on the public buildings, 
and in the conservancy department. 


Deputy Superintendent, Qnd Sub-Division, — TWoad- 
quarters at Roorkeo, but liable to bo delachod 10 any 
convenient post between Roorkco gnd tho Futtigurh 
branch hend. 


Worxs.—One overseer, who would be detached to cither Bailra 
or Jaoli, so as to be in the vicinity of the works ab the southern ex- 
tremily of the district, with one tindal, and ten beldars, over ench of' the 
falls : viz, those at Assoffnuggur, Mulimoodpoor, Bela, and Jaoli, 
giving a total of four tindals and forly beldais. 

I may observe with referenco to thego permanent 
belday establishments, that I would consider them as 
entively probationary. In the Khadir and north of 
Roorkee, whore,the population is small, and whore the 
regulating arrangements at Myapoor and Dhunowri 
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render the’ prosonco of a skilled ostablisiment indispon- 
sable, theso establishmonty may possibly bo of tho ubmont 
importance to tho officioncy of tho wosks, South of 
Roorkeo, howovor, tho necossily of maintaining largo and 
expensive hodics of mon may bo quostionable, dn this 
carly periods of tho flowing of tho water thoy muy ho 
useful; and, undor this viow of tho vase, ib slrikos mo 
that they may be recommended, subjact to altor revisions, 
dependent on tho exporionco gainod by doaling with thu 
running wator, 

Bxecuiive Officer of Materials and Superintendent of 
Navigation. —My, Finn, with a pavly sufficient fox work- 
ing the locks and maintaining the navigablo canal in at 
efficient state for the passage of tho crafl, Mr, Finn's 
office and othor establishmont I would loayo as it is ab 
present; reducing it as opportunity offered, and as a 
necessity for so doing arose from actual oxporienco, 

I would say tho same of the office and ostublishanoul 
of the superintendent or oxceutive officer, A umabor of 
chuprassios and subordinate people would nocoxsarily be 
discharged on tho complotion of tho works. ‘Thoro could 
not possibly bo any uso for so groal & nymbor as thoro 
aro at prosont, Tho offico whieh now oxists was rainad 
for a specific purposo ab poriods when the accounts and 
vespousibilities of the executive olllcor wore onoruous 
This part of tho establishmont { would placo on. tho same 
footing ag it was originally, as shown in tho list for 
January, 1848, That list, in fact, would be tho avalo 
upon which the whole permanent ostablishmout of tho 
division might be roorganizod, 

Tho revenue ostablishmout must nuecssarily be ren. 
lated by the now code upon which Gnplain Baird Sanith 
ig now ongaged, tho details of which will uroully madily 
tho existing scalo, as practised on (ho dumm Cunalr, 
In tho meantime, howovor, [ should consider that np 
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Filladar and a Naib Zilladar for each 50 miles, and a” 
Daroga for cyery 100 miles in length of canal irrigation, 
might be sufficient. The ostablishment for ¢pllecting 
would be regulated by that now oxisting elsewhere, with 
chokidars at cach of tho choki posts. 

Under the above plan, thorofore, tho seale for the 
European establishment would be as follows :— 

One superintendent of the district ; two deputios ; five 
ovorsecrs, One executive officor of materials and supor- 
intendent of navigation, in tho person of Mz, Finn. 


Sxconp Dryiszon, 


The district attached to this division would oxtond 
from the Futtigurh branch head on tho main line to the 
head of the navigable cut at tho Bhola Falls, situated 
immediately above the’ Janni Khoord escapo, Tt would 
not include any of the Bhola masonry works within its 
limits, The wholo of the Futtigurh branch would bo 
included in the second division, which would therefore 
consist of 83 miles of main canal in addition to tho 
Futtiguzh branch. The means of regulating tho supply 
in this division, as far as resis with itself, dopond on 
the Futtigurh branch, which lics at its immediato head, 
and on the Khutowli and Abao’s Nulla eseapo, which 
ave situated at the 62nd and 69th miles, Tho clogo 
proximity to the Northern Division, howevor, givos this 
district great advantages in correspondenco with the dams 
in the Khadir, the lowest of which—viz., that at the 
Rutmoo—is situated 88 miles north of tho Futtigurh 
regulators. 

At the time that I am writing, the Muttiguzh branch 
has not been excavated : on its completion would depend 
the future scale of establishment for the division, In 
the meantime, howover, I would lay down tho samo 
rules here as Ihave done for the northern district, viz, 
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to adopt tho scalo of 1818, rovising it to any extent 
that may appoar applicable Lo tho prrlieuliy ciretn- 
stances of tho caso, With regard to ravenne etublio} - 
mont, it might be confined within Cho finiié whieh proet ival 
oxporience has shown to ho olliciont on Ihe dani 
Canals. ‘Cho suporvising ostablishment might be rey 
lntod as follows +—Ono suporintendont of the district § 
threo depulios ; four overseers, ‘Tho dintriek lo bo tlivictenl 
into throo sub-division, aa follows: One doyrly in 
chargo of the main lino of tho eanul from the rogue inte 
head 1o tho navigablo head and rajbuln of tho Bhele 
Falls, with ono ovorscor atlached, ‘This deputy would 
have chargo of tho rogulating heady wb Juoli, with on 
working ostablishmont on tho following xealo for the 
gatos :—~Iour tindals ; forty heldars. Jor tha fully nnd 
locks at Chitowra and Sulawur,-thoro would alno be a 
working ostablishmont consisting of one tindal und ten 
boldars over each work. 

For tho cscapos at Chutowli and Aboo’s Nulla, Chev 
would also bo an ostablishmont of ono tindal aiid foi 
beldars ab cach work. 

Theso partios woull bo considered, availalde for 
cloaranco of banks and all coutingont domme in dei 
neighbourhood, and 1 would reommuend Uni, ie dctinings 
the boundarios within whieh ouch purty wan to werk, 
perfect order and tidinoss within thoxo limits shunkl ju 
ingisled upon. 

Zt will bo seon that for the charge wud mugger 
of tho rogulntors, falls, and cdenpos, Che nhove gaye 
mont provides for an oslablishmont af eight tindale iret 
aixly-cight boldary, a purty sufficiont ta do unteh tea tal 
work, if tho men are properly looked after, 

I look, howovor, wilh much Jealeneay on there portine 
nent parties of holdars, Skilled mney ne mudoubteaty 
required for working windlasses sud menage Hie de ene 
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lation of water, but it may bo questionable whother the 
object may not be gaincd at a smaller sacrifice of oxpen- 
ditwe, My exporienco hag convinced mo that men of 
this description who are paid by tho month do not work, 
either in excavation or clearance, equal to tho daily-pnid 
labourer, The permanent parties, howovor, secure tho 
immediate attendance of labourers at critical moments, 
and in the carly period afler tho admission of water, 
this may be a considoration in their favour, 

The Futtigurh branch would, on its completion, ongaga 
the attention of two deputics and three overscors, with 
working establishments on the samo scale for tho falls 
and locks, escapes, &e., as I haye proposed for the main 
canal. By the time, however, that this work is com- 
pleted and supplied with water, sufficient oxporienco will 
have been gainod to vender the scale of ostablishmont 
required for its maintenance quite clear, without any 
speculative opinions being advancod at the presont timo. 


Tarp Division. 


Tho district attached to this division will oxtend from 
the head of tha navigable cub at tho Bhola Falls to tho 
Kasimpoor escape and bridge, or from tho 88rd to tho 
166th milo. It would includo within ity jurisdiction tho 
Bolundshuhur and Kool branches to thoi confluonco 
near the town of Hatrass, and it would torminato on tho 
up-stream ond of the Kasimpoor eseapo, with which work 
its superintendent would, however, havo no control. 

This district consists of 83 miles of tho main canal, 
90 miles of the Bolundshuhux, and 50 milos of the Koel 
branch, 

At the present timo neither the Bolundshuhur nor 
the Koel branches hayo been excavated. Tho working 
out of any organized system of ostablishment- would 
depend on tho completion of these works. 
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Tho anni Khoord oscape, which lies Drmocdintaky ab 
the hoad of tho division, placos tho moans of regulating 
head supply in tho hands of tho suporintondont, Bosiden 
thig loading oseapo, tho Bolundshinhur and Cool brnchws 
give him further aid in the control and menagomont all 
tho water, and tho Moonda Khora cacipo, which liew ab 
tho 143rd mile, onablog him Lo roliove the cual fr eaten 
where the branches themselyos may bo overloaded, Tho 
means of oxcapo in tho third diniviet appoar to me to ho 
woll adapted 40 tho cixemmetances under whieh ib ix 
placed. 

For this division, thore would bo— ono superintendent 

of the district ; wo deputies ; fonr overseers, ‘Tho distrial 
would bo divided into fiyo sub-divisions, vach, as before, 
under a deputy superiutendont, 

Tho first sub-division would extend from the navigable 
head at tho Bhola lalls to the ‘up-biremm ond of the 
Moonda Khera oscapo and works, on (ho ain Tine of 
canal, with the chargo of tho Bolandshuhur brunch, 

This deputy would havo chargo of the fully at Bholw 
and Dagna, as woll as tho managomont of the Behiud. 
-bhuhur regulators, Uo would havo lwo pyorses neds 
him, one for tho special chargo of tho danni Khomd 
escapo and tho Bhola Lalla, lor tho former 7 wentld 
givo the samo working establighmont as hofore noted, 
viz., one tindal and ton boldus for enel of the tithe; 
ono tindal oud four holdars for tho Jannt Khoord oxenjuy 
and for tho regulators [ would givo four tindals wid forty 
boldavs, , 

The second sub-division would extend from the Moonda 
Khera ogeapo and works (including thew works) tu the 
end of tho district or to tho uppor ond of Oye Kupimapeane 
osenpo, ‘Tho Kool branch would also be included ju this 
stib-division. : 

This deputy would have charge of tho Moondu Khera 
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escape, of the falls at Pulra and Simra, and of tho regu- 
lators at the head of the Koel branch, with tivo oversoers 


under him. 
The working parties at the above works would bo as 


follow :— 


n. 
Moonda Khera Escape ee 
1 Tindal, 

Falls at Paha «+ +4 49 Boldas. 
3 . 1 ‘Tindal. 
Ditto at Simre ++} 19 Boldais. 


{ 8 Tindals. 


Koel Regulators 30 Beldavs. 


I would make the conditions on which the main- 
tenance of this permanent establishmont rosted, similar 
to those above described ; tho establishment of tindals 
and heldars ag fixcd establishment should, in fact, be 
experimental. 

The superinfondent’s office and divisional establish. 
ment I would determino on tho scale of 1848, revisod 
agreerbly to circumstances; and tho rovenue arrange- 
ments would be formed on the scale of the Jumna Canals 
—i.¢, one daxoga to coach 100 miles in longth of 
channol, and eno Zilladay and ono Naib Zilladar to- 
every 50, with Chokidars at tho differont chokies, and 
subordinate establishment on tho sealo which has beon 
found to answer elsewhere, 


Fovurrm or Sournern Drvrston. 


This district would include that part of the main 
canal extonding from tho Kasimpoor escape to Nanoon, 
or from the 166th to the 180th milo, in addition to tho 
terminal lines rmning towards Cawnpoor and Btawah. 

Tho Kasithpoor escapo would bo tho leading regulator 
of the supply in this district. The escapes on the tor- 
minal lines and the rogulating bridges at the hoads 
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of the toxminal lines would set subordinalely for similar 
purposes, 

Thg supervising establishmont would consis of ono 
superintendent of the district, four dopation, and Hoven 
overseers. 

As this district is of a much groalor oxtont than the 
othors, especially in ily connection with the Mutrass ini- 
gation, I would classify tho deputics mdor two honds, 
making one a first class on a highor salary of 800 mpocs, 
and the remaining throc, socond class, on tho usual snlury 
of 200 rupeos per month, 

The first-class deputy should havo immedialo chargo 
of the Kasimpoor escapo and iho Nanoon regulators, 
with the intermedialo lino of canal and ils invigation, 
under tho donomination of tho First Sub-Division, 

The second-class deputies should hold sub-divisions, 
as follow -— 

Second Sub-Division.—From tho Nenoon regulators 
along both of tho parallol linos of canal, oxtonding to 
the bridgos on tho high rond betweon Myupoori und 
Btawah. 

Third Sub-Division—Syom tho bridge on the Myn- 
poori and Etawah road on tho Cawnpoor Touminal line to 
tho end at Cawnpoor, 

Fourth Sub-Division.—From the brides on {he Myn- 
poeri and Ktawah voad on tho Biawah Yorminal ng to 
tho Jumna, 

The first-class doputy in charge of tha Nanaon Wut» 
latora would havo undor him the following permanent 
working ostablishment —~ 


Kasimpoor Eseape Tindal, 


4 Boldars 

2 ‘Nndals, 

20 Beldias. 
The first-class doputy would, compuratively ponkings, 
G ty 


hold a sub-division of small oxlont, bub ho would be 


. Nanoon Rogulaiors , 
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aynilablo for moro extended duties on the roquisition of 
tho superintendent, 

T would here, ag clsowhoro, maintain tho ostablish- 
mont of the fourth and fifth divisions on tho sealo of 1848, 
revising thom to meot the nature of tho suporvision and 
work which experionce might point out 40 bo nocossary, 

For tho revenue and management of irrigation, I 
beliovo that Captain Baird Smith’s now codo will be pre- 
pared long bofore water is brought with any rogulavity 
upon tho Nanoon rogulators, in which caso tho soalo 
now adopted on the Jwnna Canals for colloction and 
jrigation ostablishment, and which I would vecommond 
as a starting point hero, would bo suporsoded. It appoars 
to me unnecessary, thorofore, to spoculato on Lho procise 
detail of subordinates that may ho roquirod horonfier, 
By adopting that which was in forco in 1848, both os 
regards office and working ostablishment, a reasonablo 
scale, upon which wo can baso any aflor modifications, 
appears to be provided. 

Looking thoroforo to tho statomont for 1848, givon in 
the carly part of this chaptor, as that which providos 
sealo for both tho office and working ostablighmont of 
each of tho proposed districts, I may, in recapitulating 
tho European ostablishmont required for cach, and tho 
length of canal in milos which each suporintondont has 
to control, give a distinct idoa of the distribution of tho 
oxecutive, who, in direct correspondonco with tho super- 
intondont-goneral, would suporviso the works, and manago 
the intigation of tho Ganges Canal, I may, howovor, 
remark that, although, in the procoding dotails, as woll ag 
in the following summary, I havo fixed tho sealo of 
number and grades of deputy superintondonts at tho 
lowest possible poini, I am of opinion that it would add 
to the efficiency of this branch if it were to bo under- 
stood that, in cases of high morit, each division might 
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have ono first-class deputy, not of necessity, but as a 
stimulus to exertion, or reward for good work done. 


SUPERINTENDENT-GENERAL, 
1st on NORTHERN DISTRICT, 


1 Surermivrenpenc, 


Ist Sub-Division—1 Deputy superintendent and 4 overseers. Above 
Roorkee, distance 19 sniles. 

Qnd Sub-Division.—1 Deputy superintendent and 1 overseer. Below 
Roorkee, distance 81 miles, 

From tho canal head to the Futtigurh branch head, 50 miles, 

1 Executive officer of materials and superintendent of navigation 
from canal head to Roorkee. 


2xp on JAOLI (UPPER CENTRICAL) DISTRICT. * 


1 SupertnvEenDEN, 


‘Ast Sub-Division——1 Deputy superintendent and 1 overseer, in 


charge of regulating heads and main line of canal to the navigable 
head at the Bhole Falls, 33 miles, 
Qnd Sub-Division—The Futtigurh branch, in which 2 deputics and 
3 overseers would be employed, {65 miles. 
Total longth of district +-— 
Main I ‘ ' + + 88 miles, 
Branch : ‘ 7 » 5, 


a Total . ‘ 7 . 198% ,, 


8no on BOLUNDSHUIIUR (LOWER CENTRICAL) DISTRICT, 
1 SurerrenDent, 


Lst Sub-Division.—1 Doputy superintendent, with 2 overseers, From 
tha Bhola Falls to the up-strenm end of the Moonda Khera escape, with 
charge of the Bolundshuhur branch, 150 miles, 

Qnd Sub-Division.—1 Deputy superintendent, with 2 overseers, From 
the up-stream end of the Moonda Khera escape to the up-stream end of 
tha Kasimpoor escape, with the control of the Koel branch and its 
regulation; distance, 73 miles, 

Length of district 

Main line . ‘ ‘ . » 88 miles, 
Bolundshuhur branch . » 0 , 
Koel branch =. 5 » « 60 4 


? 
Potele  . . « » 223 4, 
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4qu on TERMINAL DISTRICT. 
1 Surrrmrenpent. 


Lot Sub-Division—~1 Virst-class deputy superintendent, with 1 over- 
soer. From the upper end of the Kasimpoor eseape to the Nenoon 
fork, including the regulators at that point, L4 miles, 

Qnd Sub-Division—-1 Second-class deputy anperintondent, with: 
2 overseers, From the Nanoon regulators to the Mynpoori and Etawah 
yoad on both terminal lines; distance, 70 x 2= 140 miles. 

8rd Sub-Division.—1 Sccond-class deputy superintendent, with 
2 overseers, From the bridge on the Mynpoori and Etawah road, on 
the Cawnpoor ‘Terminal line, to the Ganges at Cuwnpoor, 100 miles, 

4th Sub-Division,—1 Second-clasy deputy suporintendent, with 
2 overseers, From the bridge on the Mynpoori and Etawah yond, on 
the Etawah Terminal line, to the Jumna, 105 miles. 


Total length of district ;—~ 
Main line - A A » 14 miles. 
Cawnpoor Terminal . . - 170 ~«4, 
Btawah do. . : . 175, 


‘Total ’ . 7 . bo ,, 


The total number, therefore, of Huropoan officers 
required on the scale abovo laid down, indepondontly of 
the superintendent-general, would bo— 


4 Superintendents of districts, 


1 first class, 
11 Deputy do. i 10 second class. 


1 Exceutive ofjcer of materiala and suporintendent of navigation, « 
20 Overseers, 

With reforenco to tho last itom, I would by no moans 
confino the class of mon holding tho situation of over- 
seers to Europoans. Europoans, if solected and choson 
for their qualifications in being quick at resources, or 
interested in tho peculiar duties, on which, as canal 
overscers, they will be ospecially placed, are undoubtedly 
to be preferred. If, on tho contiary, thoy aro unsoelectod, 
and placed upon tho works as they have beon- during my 
superintendency, moroly because thoy liad passod a fair 
examination at the Roorkoe Collego, I would sooner havo 
natives. Europeans, in fact, unloss they have qualifica- 
tions which enable them to submit. 4o tho solitude of 
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detached district posts without ropining; wnless thoy 
are gifled with energy of character, and quicknoss at 
remedying, and even anticipating accidents, arc, in nine 
cases out of ten, useless, Unstoadiness of character, 
whethor arising from intemperance or neglect of duty, is 
absolutely minous to any works, with an activo’agont like 
that with which we have to deal constantly opposed to 
us. Running water won’t wait upon the indifforenco 
of either sergeant or corporal; and a man who won't or 
can’t mount his horge at any period of the night or day, 
to visit the extreme limits of his division, is utterly unfit _ 
for canal service, If Europeans ave appointed to this 
duty, they ought to have horse allowance. I would give 
each man 20 rupees a month, or sufficient for the keep 
of two horses; and I would place such powers in the 
“hands of tho superintendent-goneral, that neither should 
thig allowanco bo misapplied, nor should any European 
have tho power of retaining his place one moment after 
he had cithor by drumkennoss, or neglect, forfeited his 
claim to tho confidence of tho superintendent of tho 
district. On tho othor hand, the superintendont-gonoral 
aught to havo tho powor of rewarding goog conduct, and 
of promoting to a highor grado in tho dopariment those 
men who signalize themselvos by moritorious conduct. 
To offect this, the osiablishment of overseers might bo 
divided into three grades, cach step giving an increase of 
salary, With regard to a choico betwoon European and 
nativo in the situation of ovorseer, my opinion, after 
vory noarly 80 yoars of canal service is, that » good 
European is invaluable. A bad ono is not only worth 
nothing, but ho is so expensive and troublesome, that 
his presence on tho works is injurious to their interosis, 
and in many casos ho bocomes absolutely dangerous from 
tho natural tondency that oxisis to entenst him with 
orders, aid to placo confidonco in his onorgy of charactor, 
VOU, I. RR 
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Tho native wants the enorgy of tho European, ond, 
generally spoaking, docs not carry with him weight suff- 
cient to control his subordinatos, but in othor pespects, 
he hag attributes of a very high ordor, tomporance, 
sobriety, knowledgo of the people over whom ho is placed, 
and very gront intelligenco. During my careor I havo 
cortainly had less disnppointment with natives than T 
havo had with Buropeans, a rosults which is probably 
arrived af from the formor boing more under control, 
and, as such, being moro subjocl to summary punishment 
than tho latter. The European whon onco appointed to 
tho department can only be punished by suspension, 
subject to the ofders of the Board, whose position in 
Calcutta, at a distance of a thousand miles, rondors 
immediate retribution impossiblo. Removal from the 
department can only bo offectod by a veforonco by tho” 
Military Board to the head of the Suprome Government, 
so that what with one dolay and anothor, I havo known 
a man to remain under suspension for tho months, 
drawing pay and canal salary, before any ordors wore 
givon as to his ultimate disposal. ‘This acta both ways, 
the canal officer is restrained from bringing Lo tho notice 
of his suporiors acts which will loso him the sorvico of 
the only man probably to whom ho has to look for 
carrying on businoss, with little chanco of a spoeily 
settlement of the quostion at issue; tho Kuropoan over- 
seor takes his measures accordingly, and if a bad man, is 
indifferent to rosults so fearfully procrastinated. This 
appears Lo mo to require remedy. 

Tn tho canal departmont an assistant oversoor when 
appointed either from tho Civil Mugincors’ Collogo ab 
Roorkee, or direct from his regiment, joins tho super- 
intendont of a canal and is ot onco sont on dotached 
duty, Thero, at.a distance from socioty, with a control 
over native subordinates, and with » management -of 
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works that ought properly 10 be ontrusted to an ex- 
perienced man only, the young overseor has to lean his 
duty as well as he can, He is selected from the Roorkee 
College without the slightest reforenco to his ttn for 
building or civil ongineeving. His study at the collego is 
of books only, and he reaches the department in which, 
as I have shown, he is immediately calléd upon to take 
up dutios requiring knowledgo and experience, as igno- 
rant and ag inexperienced as he could well bo, Under 
such circumstances, can ib be wondered at, that a young 
raw barrack recruit goes wrong? The consequences aro 
fatal to the unfortunate man in numbers of instances, the 
government works suffer by all sorts of mistakes and 
bhinders ; and tho executive engineer, who is held respon- 
sible for tho cost and quality of work done, has literally 
nothing to do, but to look on and boar it. The remedy 
that I would propose is this, that men, when they have 
passod their oxamination at the college, should bo drafted 
off in parlies of from two to ten in number, and sont to 
tho hoad-quartors of any department or division of 
public works, which was most extensively employod in 
building. The men should remain on prohation actively 
employed on thoso works under the eyo of the executive 
ongincer or his assistants, and at the termination of tio 
years, hig relontion in the department of public works at 
all should depond upon his efficiency as a builder, ov as 
an overscer over buildings. ‘The dctermination on these 
points should bo guided by the report of the executive 
engincor wader whom he has been probationarily em- 
ployed, No assistant overseer ought to be sent on 
detached duty until he has passed through two years of 
probation in actual building undor the eyo of an officer. 
The education of the Huropean overseer al, the present 
time, is confined to six oy twelve Imonths’ reading at the 
Roorkee College, .It is entiroly theoretical. Previously 
RRQ 


612 CURRENT EXPENSES. [PART Tt, 


to admission ho is called upon 10 pass an cxamination on 
the following subjects: veading, writing, arithmotic, ag 
fur as vulgar fractions, elomoniary goomotry, mensuralion, 
simplo plan-drawing. Ho is passed out of tho collogo by a 
process equally easy. Ho then commences a sovios of 
which I havo attompied to givo an explanation above. 
Now, why should not tho poriod bo extendod to a further 
course of practical building at Roorkeo, 10 an acquisition 
of knowledge on tho different details of brick and movtar 
practice, as called for in the dopartmont, of public works ; 
to becoming acquainted with tho nativo torms and ox- 
pressions used in the profession that ho is about to 
embrace; to ® comprehension of the cost and valuo of 
work of different descriptions, and to the goneral details 
of matters that must eventually como before him? Tho 
second class of tho college, which consists ontively of 
non-commissioned officors and mon who aro intonded for 
the department of public works, might, it appears to mo, 
have its standard of proficioncy raisod vory groatly by 
some such modification of tho prosont systom, That 
this will bo dono ovontually, or in ils absoneo, that tho 
two years of probationary service shoult be called for 
from cach assistant ovorscer, I hopo for with all my 
heart, not moroly for the good of tho sorvico alono, bub 
in justice 1o the young Muropoan, who, in tho prosont 
stato of things, is not fairly dealt with, 

When a European enters the dopartmont without the 
ordeal of entering the Roorkee Collogo, his qualifications 
ave judged of by an oxamination carriod on by a com- 
mittee of engincor officors, tho oxtont of which is a 
Imowledge of avithmotic, monsuration, nnd an ostimate of 
tlio cubic content and cost of a plain barrack building, 
th this caso the man, on his ontering the department of 
public works, is wvorse off than his contemporary from tho 
Roorkeo College. The last is oducatod and propared in a 
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amall dogréc, the former in nine cases out of ten has no 
education at all, 

I believe that tho deficiencies noted above aro as 
patent to the public works in general, as they are.to tho 
canal department, In tho latter, however, tho posts of 
oversoors ave, with ono solitary exception, viz. at Roor- 
keo, détachod from the ayo of officers, and ought not to 
be tvifled with. The men selocted for those duties might 
with the greatest advantage to the State be better 
educated. They might be selected from thoso whose ineli- 
nations load them to civil engineering as a pursuit, and not 
as a mere change from tho routine of regimental duty. 

Since the establishment of the Civil Engincers’ Col- 
loge at Roorkee, and its division into threo classes,—the 
first boing for the more highly educated, ‘and for thoso 
capable of being employed on the duties of sub-assistant 
civil engincers ; the oxperiment has been tried of drafting 
students of this class into the canal departmont, Fou 
of thoso young men wore placed under tho ordors of 
executive engineors, and with the oxception of ono, who 
was removed for indolonco and inofficioncy, they hava 
got on vory woll: ‘Thoir dutics have begn confined to 
short sub-divisions of works, in which they haye had to 
survey, Jay out, and excavate canal channels, form 
embankments, and plant trees. Thoy have also had to 

" superintend masonry works, such as bridges, drain-heads, 
chokics, &e. Tor all theso thoy have to draw out their 
own plans, copicd from tho offico designs, to return 

_ Moasuromonts of eubie content of work, and to submit 
monthly accounts to the oxecutive. Thero are two men 
of this description on the Caynpoor terminal linc, who 
havo at tho present time served five years. As far as I 
can gathor from tho roporls of the officers under whom 
thoy sorve, and from my anntal inspections, the work 
dono by those mon ig cqual to that performed under 
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Ewropeat superintendence, and as far as building and 
tho correct finishing of buildings is concorned, bottor. 
Tho only want thal this class of mon has, is tho activo 
energy which tho European naturally posscsses. Madho 
Bam and Petumber Sing, the gontlomon to whom I 
allude above, haye shown thomsolvos highly dosorving 
of the confidence of tho executive ongincor, and avo good 
specimens of matorial which mny ultimatoly bo turned 
to excellont account in the dopariment, Tho rato of 
pay of the sub-assistant civil ongincor is 100 rupoes por 
month, with allovanco when marching oqual to throo- 
tonths of that salary. 

Tho first class, which produces tho sub-nasistant civil 
engincor, is followed by tho socond class, which iy espo- 
cielly dovotod to non-commissioned officors and privates 
for education ag overscors. In this class thore is an 
uncovenanted departmont, which is also intonded to 
supply the publica works with overscers and supervisors. 
I have before remarked that great bonofil would bo 
derived from thoso men boing mado to undorgo a sorios 
of practical studios on construction boforo they wore 
allowed to be detached. That this: should bo done 
appears to mo to be indispensablo, Mon of this class, . 
moreovor, should not loave tho colloga until thoy had 
aequired a knowledgo of tho technicalities of tho profos- 
sion in which thoy are about to onter, ‘hoy ought not * 
only to spoak tho languago frecly, but to speak that 
Innguage which would onablo them to hold » conver- 
sation with tho uative mason, smith, and carpentor. — 
Thoy ought, at any rato, 1o Inow tho native name for 
a brick, or for a brick-mould; information which many 
of the men now vecoived in tho Department of Public 
Works avo altogothor innocent of. Non-commissioned 
officers and privales, on their reaching Roorkeo, ought 
not to forget that they aro soldiers, and this ought to be 
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instilled into thoix minds during thoir education at the 
college. Examples of an utlor forgelfulnoas of military 
discipling, or, I should rathor say, discipline of any sort, 
aro by no means uncommon; and rough reminders are 
overy now and then required, ag disagreonblo to the giver 
as to tho receiver, to bring to the soldier's mind that 
discipline is not dropped in the absonce of the sergeant. 
major. , 

The third class at tho Roorkee Collogo is especially 
for tho oducation of native surveyors, draughtsmon, &e, 
It is, in my opinion, the most useful division of the 
college. From hence are derived the numeroug native 
levellers, surveyors, and dvaughtsmen, who are holding 
posts under the Road Committees, surveys, canals, &. 
A hiatus has been filled up by the introduction of this 
class, which has long been the drag upon all progross. 
European agency was too costly, Exposure to the sum 
and climate was a bar Lo tho indiscriminate employment 
of the European on many out-of-door duties, which avo 
now rendily filled up by tho native; and a8 draughtsmon, 
the wondorful persoveranco nud delicacy of manipulation 
stor which tho nativo is incomparably guperioy to the 
common run of Turopeans, rondor him. invaluable eithor 
in mapping or plan-drawing; whilst tho comparatively 
Jow vate at which the native can livo in India, and the 
few wants which his position demands, makes his sorvicos 
availablo where the monthly pay of an European would 
be ontively prohibitory, 

Nativo dvaughtsmen in tho -Director’s Office, who 
havo certainly had tho advantago of the instruction 
and suporvision of Mr. W. Marton, the head assistant, 
whose own acquirements a8 a dranghtsman are of a very 
high ordor, do, the whole of the work of copying and 
reducing that oxists in that office. Tho execution of 
their work is oqual to anything that could bo desived, 
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and fax superior to that of the common class of Buropean 
who is available for this purpose in India, A salary of 
200 rupoos a month, or 240/. a yoar, was insufficient to 
secure a man of tho lattor class, with acquivemonis of a 
very ordinary dexcription; whoreas the highost salary 
in the Divector’s Office to tho native draughisman ig 
50 rupees a month, or 60). a yoar. Many of tho maps 
and plans figured in the Atlas whichis attached to this 
volume, are dono by cithor Kadirbuksh!, Wujecoodcon, or 
Luthfoola Khan, throo of the leading mon in tho office, 
and for noatness of oxcention and wondorful accuracy of 
copying (neither one nor tho othor being acquainted 
with English any further than the vititlon charactor) 
they would not fail in comparison with drawings dono by 
Europeans holding fivo timos their salaxy. 

Nativo Jovellors and surveyors who are attachod to the 
difforont. executive officers, and who draw only from 15 
to 25 xupeos & month, carry on a great portion of tho 
intorior ,surveys and cross loyols from bonch mark to 
bench mark. They aro invaluablo in readily obtaining a 
small survey,” or a rough configuration of country, pro- 
viously to tho designing of works, and they xolicvo thor 
European officer from tho oxposure and constantly recur 
xing labour, that previously to thoir introduction oceupiod 
a great portion of his timo. 

With the road commitioos, they aro tho monns by which 
the alignments of roads aro dolorminod, and frequontly 
in addition to the opovations of survoy and mapping, they 
take an active paxt in tho cxecution of the works. 

Although the third clas in tho Civil Engineoys’ 
Colloge at Roorkoc has now beon in oxistonee only for 
five years or thorcabouts, it his pasged out tho following 
students, who have received employment as below : 


Roads and department of aie Works. ‘ » 6 
Suyeya, &e, : : . : 2 27 
Gauls and embankments » 5 ‘ ‘ « 28 


* 
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Bosides having afforded education to numerous young 
men who have not beon publicly provided for, Ii has, 
moreovey, introduced an clement of compotition amongst 
dhe mootsuddi and lalla class, for which the neighbourhood 
of Roorkee is celebrated, which is likely to be exceedingly 
beneficial, not only in the departmont of public works, 
bub in all departments connected with the gencral im- 
provemont of the country in works of public utility. 

With reforence to the subject of this chapter, therefore, 
it will be soen that the system of education now in force 
at Roorkee is likely to be of great aid to the canal 
department in general, and to all improvements whera 
ivrigation is concerned; that we may depend hereafter on 
an institution from whenco we may derive men of three 
differont classes #o aid us in our progress; and that wo 
shall not bo, as heretofore, dependent ontirely on our own 
individual exertions for every step of advance that is mado 
fowards improvement. 

Thore aro tivo points which, in closing this chapter, I 
may vory properly draw attention to; the first is the no- 
moneleturo of sppointmonts that now oxists in the danal 

adopmrmont; the socond is tho position that tho chiofy of 
districts aro to hold with regard to residence. Thogo axa 
quostions which have up to tho prosent timo led to much 
confusion, and from tho oxperienco that I havo had 
appear to mo to require romedy. I shall, therefore, say 
a fow words on each, taking thom in tho ordot of their 
procodonco, 


Ist. Lhe Nomenclature of Appotnimenis. 


. Up to the poriod at which L am now writing, the 
chiof authority in the canal doparlment is entitled “ Super- 
intondont of Canals in. the North-West Provinges, and 
Director of tho Ganges Canal Works.” Tho formor being 
gonorally applicable 10 his control over {ho differnt canals 
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in tho neighbourhood, and tho Jaitor specifically addvossod : 
to his procecdings in carrying out tho works of tho 
Gangos Canal. 0 

Undoy tho first hoad he has undor him :—Ist. Tho. 
superintendent of canals west of tho Jumna. nd. Tho 
suporintondent of canals east of tho Jumma, drd. Tho 
superintendent of canals in tho Doon, 4th, Tho gonoral 
superintondonco of the works on tho Nudjufguvh Thool, tho 
detail of which is specifically undor tho civil authoritios at 
Delhi. 

Undor the second head ho suporintends tho wholo of 
tho executive establishmont of the works on the Gangos 
Canal, with the control of accounts, dée., tho appoint- 
mont being, as I said before, a specific one. To this thore 
can be no objection, it doponds upon tho progress and 
carrying out of a very oxicnsive Board of Works. 

The confusign that now oxists, avisos from tho torm 
“ Superintendent of Canals” boing applicable to tho chiof 
ag well as to tho subordinates. ‘Thoy aro all superinton- 
dents of canals. Laying asido tho affix as applicable to 
the particular works won which cach, officer is omployad, 
thore is no distinguishing mark to soparato ono from thos 
other, ‘This improssion is not confined to tho public, but 
it is oxhibited in the Government genoral ordors aud tho 
Offieo of the Military Board. My own appointment at 
this moment stands as follows :— 

“Fort William, Slet March, 1848. No, 128 of 1848, 
Major Proby Thomas Cautloy, of tha Rogimont of Axtil- 
lety, who was directed in Goneral Order No, 28, of tho 
14th January, 1848, 10 officiate, is appointed Diroctor 
of the Ganges Canal, and Superintondont of Canals wost 
of the Jumna, from tho dato on which Major Baker, of 
Engineors, proceeded to Hurope on furlqugh ;" the ox- 
pression, ‘ Superintendent of Canals west of the Jumna,” 
having been substituted for “ Superintendent of Canale, 
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North-West Provinces,” the appointment to which I gue- 
ecoded on Major Bakor’s departure for Europe, 

The, oxeeritive engineers who carry on tho works of 
.the Gangos Canal are assisted by young officers bearing 
tho designation of deputy superintendents, Thore is no 
uniformity at prosent in the nomenclature, a point that 
might bo romediod without much difficulty. 

As the canal department naturally embraces all works 
intended for tho purpose of ixvigation, I would call the 
chief by a namo directly allied to the functions of his 
offico, neither referring especially to canals, tankg, nor 
works of any specific description. A simple definition o. 
tho different grades might be as follows :— : 

Superintondent-Goneral of Irrigation, North-Wostern 
Provinces; having under him ;—~1st. Suporintendent of 
the Westorn Jumna Canal. 2nd, Superintendent of the 
Eastorn Jumna Canals. 8rd. Superintendent of the Doon 
Canals, 4th. Suporintendent of the Nudjufewh Sheels, 
Bth. Suporintondent of tho Novthern District Ganges 
Canal, Gth. Suporintondent of tho Upper Contiical Dis- 
irich Gangos Canal. 7th, Suporintendent of the Lower 

sContrical District Gangos Canal, 8th. Suporintondent 
of tho Torminal District Gangos Canal. Hach of those 
officors having doputy superintendents under him, with a 
lower grado of sub-assistont civil ongineors, 

My prosont dosignation of “ Superintendent of canals, 
Novth-Wost Provinces, and Director of the Gangos Canal 
Works,” would mergo into that of “ Superintondont- 
Genoral of Tvigation, North-West Provincos,”’ whilst tho 
oxecutive chiofs would resolve themsolves into superin- 
tondonts, with thoir depulics ond sub-assistant civil 
onginears. This would be a simplo method of escaping 
from tho confugion of names and lilles that now oxist, 
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Qnd, The place of Residenca for Faxccutive Chiefs or Superin« 
lendents of Disiriets. 

A fixed placo of rosidence or head-quartors’ station in 
each district over which an officer prosides, is mosh ospo-. 
dally called for. It is advocated by mo most particularly 
on account of tho rogularily that alionds on an office. 
which, although called upon to mako poriodical moyog, is 
provided with a pormanont and fixed placo of vosidence ; 
on account of tho cflicioncy of record and reference that 
attaches itself to fixed accommodation arranged for tho 
purpose ; and for the convonienco of all who aro con- 
nocted with the irrigation of the district, in having a 
xecognized public office, or court-house, to which thoy 
can go to transact business, I would, therefore, in oach 
distvicé of tho Ganges Canal, determine on some cons 
trical or most convenient point, at which a govornment 
building should bo orected. for tho puxposos of office, and 
for the xepository of records, At this placo tho supor- 
intendent of tho district should fix his hoad-quartors, and 
it ought to be mado a part of the compact on which ho 
holds the suporintondency that ho should reside nat only 
al tho station a, which tho public offico is fixed, but in- 
its immodiate vicinity. As tho accommodation required 
for tho office and rocords at a hoad quarter station of this 
sort is not vory extensivo, i might perhaps with advan- 
tage be combined with rosidones for tho suporintondont 
of tho district, This arrangemont would detcrminatoly 
settle the question (on tho Jumna canals at prosont an 
undecided os well ag an uncertain one) as to whore tho 
head-quarters station was to bo fixed. It would seeura 

. tho proximity of tho offico 10 the presiding chiof, and it 
would place the suporintendents of districts on o par with 
those, tho recognized ‘responsibility of whose situation 
has made if desirable that tho officor in charge should 
have ® permanent residenco, 
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The cost of an office building built of brick and 
morlar, that is to say, a pormancnt structure, sufficient 
for offigo purposes, may be estimated at 2,000 mpees, or 

. 2002. storling. 
Tho cost of a vosidonce of an officer from whom 50 
+rupoes a month would bo deducted for public residence, 
owing that 10 por cent, is sufficient interest for capital 
sunk in its construction, would be equal to 6,000 rupees. 

Combining the two buildings under one roof, there 
would, on the above estimate, be an available sum of 
8,000 rupees to expend on the public accommodation above 
alluded to. Additional outlay on offices might bring the 
total cost up to 10,000 rupees for each office and 
vesidence of superintendents of districts, Tor this ex- 
ponditure there would be an immodiate return of 600 
yupeos per annum in house-rent, plus the accommodation 
for the office and records. 

Tho Ganges Canal works would roquive four of these 
public: buildings, the total cost of which would bo 
+8, 40,000, ‘Tho sites of these buildings, which I would 
cnll first-class, would bo as follow :— 

1. Suporintendont of Northern District at Roorkee. 

2, Superintendent of Jaoli, or upper Centrical Dis- 
iwiel at Jaoli. : 

8. Superintendent of Bolundshuhur, or lower Contrical 
District, on somo clevated spot between Bolundshuhur 

vand tho canal, 
’ 4, Superintendent of Torminal District on somo 
elevated spot between Mynpoori and the Terminal Lines. 

Tho above plan would be a sccurily for pormanence 
of position to the chiofs of districts; and it would bo 
‘economical, as well as leading to efficiency, to have tho 

principle camjed out in determining fixed posts for the 
doputies and overscers, so that overy Kuropean officer , 
attached to a distxict might be placed on a similar fooling. 
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For this purpose, agrecably to the scale dosaxihed 

oly part of this chaptor, we should requir 

buildings for doputios and twonty for overse..ptor, ondea, 
which of prosont can‘ only bo roughly dotorhmont Un. 
which, as izvigntion devolopod itsolf, might bo vugt 
antisfactorily fixed by tho suporintondont-gonoral ¥ 
invigation, wef 

Allowing 10 per cont. as tho volun for capilal oxy 
ponded in house proporty, and that a monthly dloduetio€ 
for hougo vont from a doputy auperintondont of 25 mpeos, 
and from an ovorscor of 8 rnpoos, might bo fairly mado! 
tho outlay on oach residence for tho formor would beé 
ya, 8,000, and for tho lalier vs. 960; tho total sine 
required boing as follows + oloven socond-claas residences! 
for deputies at ra, 8,000 each, rs. 83,000; tavonty third. 
clags vosidonces for oversvers at 14.060 cach, 16,10,200 :' 
total Co,’s 18, 52,200. 

Tn the Noxthern District the doputios would rosido a 
Rooxkeo, ab which placo thore would ho two sur utg 
residences. Tivo ovorsoors’ third-clayy residongaporiod ti 
Mynpoor, ona at Puttri, ono eb Dhunowsi, one py fulls ¢ 
and one ab Muhynoodpaor. som ‘ 

Tn tho seconil district there would bo tivé¥oen 
class vosidencos. Two on tho Fultiguh Branch, 4, 
position of which would bo fixed horonlter, whon tht 
works aro completed, and ono at Sirdhunna: four over, 
soors’ third-class rosidonces; threo on thel'uttigurh Bronel § 
and ono aL some intermediate point botwoon the Futtigny : 
Foad and the Bhola Valls, on dhe main Jino of canal. fa 

In the thitd, or Bolundshuhur District, there wo' 
be two second-class rosidences, One at Bolundshuly 
Branch Head, and one at Kool Branch Head: four ovar-* 
seers’ third-class residences; one on tho .Bolundshulusr 
Branch, the site to be fixed Loroaftcr; one on tho Koel 
Brauch, the site to bo hevonfler fixed; tho head of tNo 


a 
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ub’Canygowli would probably bo tho bast position; 
4 near to tho Janni Khoord egeapa, of which ho 
specifia chargo; and ‘one at somo intemmo- 
ane’ molween the Bolundshubur Bratch Hoad and 
asnslnpoor outlet on the main canal, 
Ln the fourth o’tonninal disisics thore would do 
s sevond-class vosidoneos. Ono ab tho Nanoon Regu- 
lords one wh somo intormodiato point between tho 
moon head end the high voud between Mynpoori and 
ddawah ; ono ab somo intormediato point botwoen the 
Qynpourl and Mawih Road and tho Cawnpoor Terminns ; 
m0 al some hatormediate point between tho Mynpoori 
pad Etawah Roud and the Btawah Torminus on the 
Juma: savor ovorsoare’ third-class zesidences ; one at 
tho Kasinrpoor escape hoad, of which he would have 
special chrgg; and six al ——, ‘The position of the 
sosidonecs of theyo men would be determined hereafter. 
; ‘ho adyantagos of nn avengemont similar to that 
(Lovo mamposad avo manifold. In tho first place it would 
in~residence, and secure 10 the canal works and 
soltled supervision. In the second, it would 
Assit of an ovil which oxists to a gront oxtent on 
y Fru Canals, pd which is ruinous in its effects to 
orsnord, and oven 4o officers if they enter upon. it, viz, 
a buikting of private residonces at detached and favourite 
rals, said a conseqrent loss of properly on either a sue~ 
eshor xofusing 40 purchase, ov on his being posted to 
hnother locity, 1 consider that by providing the whole 
Ki tho Maropean establishment with public residence (for 
Jch ib mat bo vorollucled tho State would receive fair 
‘ovost in hawse-rent), tho Canal Deparimont would be 
polioved from ono of its groutest iulexuptions in thé want 
iof pormancuco in the disposition of its Hnvoperh subor- 


dinates. 
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Section IT.—Onpinany Rerars. 
lon”: 4 


T havo in tho iival soction of thig obgtin, ae « 
yourod t6 give an outline of the oalaslinics ny sate 
may bo required for tho mainlonance of the works ahd 
supervising the irrigation. I will now ontor upon the 
ordinary repairs or the probablo annual cost that willbo 
entailed upon tho Govornmont for keeping tho works in 
efficient repaix. 

In estimating this amount, wo must take into con- 
sidoration tho large masses of wator with which wo shall 
be called upon to deal, tho groat oxtont of building that 
oxists in the Khadir tract aboyo Roorkoo, and the gonoral 
charactor of tho Gangos Canal, so difforent from all works 
fox irrigation in those provinces, ‘Tho Westorn Jumna 
Canals, the difficultios of which as rogards slope of bod 
avo overcome by a tortuous course running along tho 
natural beds of rivers, offors no analogy to that of tho 
prosent work, We naturally therefore look to thesgyestorn 
Jumna Canal, whoro tho numerous dems op) gig 
mountain lorronts, and tho multibudo of meso pouty” 
dosconts to ovorcomo the natwal slopo of the | 
prosent, although i in acomparativoly smull dogreo, fonbulos 
by which we may bo guided in arriving at an ostimato vf 
tho annual expenditure required on tho Gangos Canal 
Works. 

Thore ave two ways of forming a comparison 5 ‘tho 
one by placing the total annual oxpenditure in a rato on , 
linear dimonsions. The other, by bringing tho samo out 
lay to bear on the averngo dischargo per second in 
cubic fect. 

With the above in view, T shall take the avarago cost 
on tho last six’yenrs incurred in maintaining tho Mastorn 
Jumna Canal, as during this period thore has boon a 
Beet deal of ropaix to tho dams and channola in tho 
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immodiato neighbourhood of the head, and the cost offers 
porhaps 2 fairer comparison than wore I to select periods 
of tho gama longth, whore tho hoad works had had little 
‘ spont upon thom. 
It appears from the yoar 1847-48 to the year 1852-58 
‘tho annual mean cost of current expenses on the Master 
Jexona Canal has been as follows :—~ 


i stablishmont, incliding sci a ge aa RBA 
and all items : . » 87,585 12 11 
Ordinary repairs. a : ‘ . . 85,416 8 7 
Se 

Total annual cost . f . 72,002 5 6 


The longth of this Canal from the Jumna to Dolhi is 
{87 milos 2 furlongs 186 fect, or say 187 miles. Its 
moan discharge per second may be estimated during the 
poxiod above roforred to at 800 cubic foet, 

Now, in linoax dimonsions, the rate of cost ‘per mile 
on tho above data is as follows :—~ 


ns, 
ae Batablishment . + 4 + 91485 per mile. 
Ondinary repairs . ' . » « 258°51 < 


Total per milo + + 58286 
Assuming tho discharge por socond as the basis of 





rato of oxponditure, wo haveo— ° 
ns, 
Regular Establiahmont . =. ss 4698 per cubic foot. 
Oxdinary vepairs . : . » 44°27 ” 
Total cost por cubic foot » 91°25 


The length of the Ganges Canal main channels is 
820 miles, with o discharge per second of 6,750 cubic feet. 
Tuking the abovo rates on the Hastern Jumna Canal as 
our guide for obtaining the probable cost of the Ganges 
Canal current expenses, we have, in the first case, where 
linoay dimensions are usod— 


Rs, 

Regular Establishment. é A 7 « 224,967'0 
Ondinay repaite 6 » + 211,978+2 
‘Total current expenses por year 4B6,945+2 


Vom. il. 88 
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In tho second, whoro dischargo por socond is considered : 
WH 


Regular Establishment. , 7 ' RTI 
Ondinary repairs. . : : . © ROH M2 2 5 
Total omrent expenses per your « » GLUT ’ 


As tho action upon tho channol ig dopondont ontivoly 
on tho mass of wator with which tho worls aro counceted, 
md ag tho amount of ropairs dopondy upon this aclwa, 
wo may assumo tho total as shown by tho Inttor tablo as 
tho most likoly to bo correct, At any rato, that the amount 
theroin, stated is likely to bo a probublo charge for the 
nnnual current oxponsos of tho cau. T would, howover, 
tako the moan between tho two, and as an amount by 
which in its commencement tho repairs and ostublish- 
mont of tho canal might bo limited, I would fix tho sum 
of 476,000 rupoos, of which tlio details for rogular osta- 
blishment and ordingyy ropaivs would, on the proportion 
shown in the table founded on discharges, give to— 


ua, 
Regular Establishment . . ‘ : «200,000 
Ondinaryiepnirs we, ‘ + 275,000 

‘Total annual cost - ; F © 476,000 


In tho onrly yours of progross, wo may, say for tho 
first fivo yours gflor wator hax beon admitted, thor will 
probably bo many contingent oxponsos whieh mey call 
for oxixaordinary outlay, Tho largo quantities of rivor 
stone that will bo required for the aqueduct Mooring, and 
for tho ropairs of tails of masonry works in tho Khindirpe 
probablo strengthening to the protective works on tho 
upper levels of tho Ranipoor and Putiri supor-pagsnges ; 
oxcoss of dimonsions 10 tho embanlancnts of the aqueduel 
on that portion of the lino whero it passes through tho 
deepest part of the valley, together with additional pro- 
tective works which may be desirable on tho Solani and 
‘Rutmoo rivers, both on thoir up- and down-strcam faces, 
appoar to mo to render o further available sum oxprosdly 
for Khadiy purposes very dosivablo, I would rather 
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anticipate the probabilities of additional cost, and in so 
doing, point out the places where such may he called 
for, than leave the chance of such contingencies unmen- 
. tioned “or unprovided for. Ishould say, therefore, that for 
tho first five years after water was admitted an annual sum 
. of 125,000 rupees in addition to the amount of cwyent 
expenses estimated for above, should be placed at the dis- 
posal of the Director of the Works for contingent purposes. 

T have thought it necessary to devote a section of this 
chapter to the above, although I feel that in so doing, I 
am dealing with a subject which must to those acquainted 
With it appear to be of a very speculative character, Tho 
Report, however, would have been imperfect without at- 
tention being directed to cost of maintenance ; and as the 
data upon which my figures have been devived are given, 
their value will be understood by my successor, whose 
experience on the works of the Bastorn Jumna and his inti- 
mate knowledge of tho difficulties attendant upon thoso of 
the Ganges Canal, will enablo him to act accordingly. 

I cannot conclude this Report without offering my best 
thanks to those who, whether above or below me, have so 
consistently aided the progress of the Ganges Canal works, 
from their commencement up to the présent time, 

Fyrom those above me, I have met with an indul- 
gonce and consideration, for which I can nevor’ be too 
grateful ;—from those below me, a readiness of assistance 
and sympathy under all difficulties, that have from first 
to last been most encouraging. 

Through so many years of progress, and with such a 
variety of works carried on under circumstances more or 

~less understood, the executive engineers and officers in 
the different localities have largely aided me with their 
advice, suggestions, and recommendations. For these I 
am greatly indebted. Ihave endoayoured in the abovo 
Report to place to the credit of overy one the merit 
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which appears to be his due. Should I have ‘failed in 
doing this in any individual instance, I trust that tho 
omission will be pardoned. 

To Captain Baird Smith,* who succeeds mein the . 
directorship of the Ganges Canal works, and to my excel- 
lent friend My. Harry Marten,t who, from the period of . 
the early surveys of the canal, up to the present ti 
has been constantly with me, I have .to offer my b sae 
thanks. From the first I have to acknowledge the aid 
afforded to me in looking over and correcting, and from 
the second in undertaking and completing tho arrange- 
ment of the plans and manuscripts preparatory to theix 
despatch to England, 

To Colonel W. E, Baker, of the Bengal Engineers, 
whose name appears so often throughout this report, 
whose aid I can never be too thankful for, and whose 
friendship has been one of the bright lights in my Indian 
career, the last words of this report are dedisated, 


Roorkee, April 8, 1854, 


P.8. These pages cannot be closed without a passing 
lament over the memory of those who have been Jost to 
us by the events of 1857-58—Capiain Hdward Fraser 
and Captain Francis Whiting; the first shot by his own 
men at Meerut, the last most cruelly murdered in the 
boats at Cawnpoor; Lieutenants Frederick Angelo, 
Brownlow, Span, all in the prime of life knocked down 
by this horrible Mutiny. 

London, Sept. 1, 1860. 


* Colonel Baird Smith, C.B., of the Bengal Engineers, Aide-de-Camp 
to the Queen, Mint Master, Caloutta 

{ Mr, Harry Marten, Inspector General of Asomans: Punjab and 
North-Western Provinces, 
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